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BOOK I 


THE MYSTERIOUS UNIVERSE 

BY SIR JAMES JEANS 



And now, I said, let me show m a figure how far our nature is 
enhghtencd or unenhghtcned Behold' human beings livmg m an 
underground cave, which has a mouth open towards die hgjht and 
rcadung all along the cave, here they have been from their child- 
hood, and have their legs and necks diained so that they cannot move, 
and can only see before them, bemg prevented by the chains from 
tunung round their heads Above and behmd them a fire is blazmg 
at a distance, and between the fire and the prisoners there is a raised 
way, and you will see, if you look, a low wall built along the way, 
like the screen which manonette players have m firont of them, over 
which dicy show the puppets 

I see 

And do you see, 1 said, men passing along the wall carrymg all 
sorts of vessels, and statues and figures of ammals made of wood and 
stone and various matcnals, which appear over the wall? 

You have shown me a strange image, and they are strange 
prisoners 

Like ourselves, I rephed, and they sec only then own shadows, or 
the other shadows which the fire throws on the opposite wall of the 
cave? 

True, he said, how could dicy see anydung but the shadows if diey 
were never allowed to move their heads? 

And of the objects which are being carried m like manner they 
would only see the shadows? 

Yes, he said 

To them, I said, the truth would be htcrally nothmg but die 
shadows of the images 


PLATO, REPUBLIC, BOOK VII 



CHAPTER ONE 


THE DYING SUN 

A FEW STARS are known wbch are hardly bigger than the earth, 
but the majority are so large that hundreds of thousands of 
earths could be packed mside each and leave room to spare, here and 
there we come upon a giant star large enough to contam milhons of 
milhons of earths And the total number of stars m the umverse is 
probably somethmg like the total number of grains of sand on all 
the seashores of the world Sudi is the httlencss of our home m space 
when measured up against the total substance of die umverse 
This vast multitude of stars are wandenng about m space A few 
form groups winch journey m company, but the majonty are soh- 
tary travellers And they travel through a umverse so spacious that 
It IS an event of almost ummagmable ranty for a star to come any- 
where near to another star For the most part each voyages m splendid 
isolation, like a sbp on an empty ocean b a scale model m wbch the 
stars are sbps, the average sbp will be well over a mibon miles 
from Its nearest neighbour, whence it is easy to understand why a 
sbp seldom finds another witbn hailmg distance 
We beheve, neverdieless, that some two diousand mibon years 
ago tbs rare event took place, and that a second star, wandenng 
bbidly tbough space, happened to come witbn haibig distance of 
the sun Just as the sun and moon raise tides on die earth, so this 
second star must have raised tides on the surface of the sun But they 
would be very different from the puny tides wbch the small mass 
of the moon raises m our oceans, a huge tidal wave must have 
travelled over the surface of the sun, ultunatdy formmg a mountam 
of prodigious height, wbch would nse ever bgher and bgher as 
the cause of the disturbance came nearer and nearer. And, before the 
second star began to recede, its tidal pull had become so powerful 
that this mountam was tom to pieces and tbew off small fragments 
of Itself, much as the crest of a wave throws off spray These small 
fragments have been curculatmg around their parent sun ever smee. 
They are the planets, great and small, of wbch our earth is one. 

The sun and the other stars we see m the sky are all mtensely hot 
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too hot for life to be able to obtain or retain a footing on them 
So also no doubt were the gected fragments of the sun when they 
were first thrown off Gradually fhcy cooled, until now they have 
butlitdemtnnsicheatleft, their warmth beu^denved almost entirdy 
from the radiation which the sun pours down upon them In course 
of time, we know not how, when or why, one of these codhiig 
fragments gave birth to life. It started m sunple organisms whose 
vital capaaties consisted ofhttle beyond reproductionand death But 
ffom these humble beginnmgs emerged a stream of life which, ad- 
vancmg through ever greater and greater complexity, has culminated 
m bemgs whose hves are largely ontred m th^ emotions and ambi- 
tions, their aesthetic appreaations, and the rehgions m which their 
highest hopes and noblest aspirations he enshrined. '' 

Although we cannot speak with any certamty, it seems most hkely 
thathumamty came mto existence m some such way as this Standing 
on our microscopic fi:agment of a gram of sand, we attempt to dis- 
CQVcr the nature and purpose of the umverse which surrounds oar 
home m space and time Our first impression is something akin to 
terror We find the umverse terrifying because of its vast meanin^css 
distances, terrifying because of its inconceivably long vistas of tune 
which dwarf human history to the twmkhng of an eye, terrifying 
because of our extreme londmess, and because of the material insig- 
nificance of our home m space—a milhonth part of a gram of sand 
out of all the sea sand m the wodd But above all dse, we find the 
umverse ternfym^ because it appears to be indifferent to life like our 
own, emotion, ambition and achievement, art and rchgion all seem 
equally foreign to its pkn Perhaps mdeed we ought to say it appears 
to be actively hostile to life like our own For the most part, empty 
space is so cold that all life m it would be firozen; most of the matter 
m space is so hot as to make life on it impossible, space is traversed, 
and astronomical bodies continually bombarded 1^ radiation of a 
variety of kinds, much of which is probably mimical to, or even 
destructive of, life 

Into such a umverse we have stumbled, if not exaedy by mistake, 
at least as the result of what may properly be described as an acadent 
The use of such a word need not imply any surprise that our earth 
exists, for acadents will happen, and if the umverse goes on for long 
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enough, every conceivable accident is likely to happen m tune It 
was, I dunk, Huxley who said diat six monkeys, set to strum umn- 
telhgendy on typewriters for milhons of milhons of years, would be 
bound in tune to wnte all die books m die British Museum. If we 
exammed die last page which a particular monkey had typed, and 
found diat it had chanced, m its bhnd strummmg, to type a Shake- 
speare sonnet, we shouldnghdyre^d theoccurrence as a remarkable 
accident, but if we looked through all the milhons of pages the 
monkeys had turned o£Fm untold milhons of years, we might be 
sure of findmg a Shakespeare sonnet somewhere amongst them, the 
product of the bhnd play of chance. In the same Vay, millions of 
milhons of stars wandermg bhndly through space for milhons of 
milhons of years are bound to meet with every kmd of acadent, a 
limited number are bound to meet with that special kmd of acadent 
which calls planetary systems into bemg Yet calculation shows that 
the number of these can at most be very small m comparison with the 
total number of stars m the sky, planetary systems must be excecd- 
mgly rare objects m space. 

This ranty of planetar}’’ systems is unportant, because so far as we 
can see, life of die kmd we know on earth could only ongmate on 
planets like the earth. It needs suitable physical conditions for its 
appearance, the most important of which is a temperature at which 
substances can exist m the hquid state 

The stars themselves are disqualified by bemg far too hotWe may 
dunk of diemas a vast collection of fires scattered throughout space, 

, providmg warmth m a chmate which is at most some four degrees 
above absolute zero— about four hundred and eighty-four degrees 
offrost on our Fahrenheitscale— and is even lower m the vast stretches 
of space which he out beyond the MilkyWay. Away from the fires 
there is this ummagmable cold of hundreds of degrees of frost, dose 
up to them there is a temperature of thousands of degrees, at which 
all sohds melt, all hqmds boil 

Life can only existmside a narrow temperate zone which surrounds 
each of these fires at a very defimte dKrj>nc-t» Outside these zones life 
would be firozen, inside, it would be shrivelled up At a rough com- 
putation, these zones withm which life is possible, all added together, 
constitute less than a thousand million milhonth part of the whole of 
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Space. And even mside them, hfe must be of veiy rare occurrence, 
for It IS so unusual an acadent for suns to throw off planets as our 
own sun has done, that probably only about one star in 100,000 has 
a planet revolving round it m the small zone m which hfe is possible 
Just for this reason it seems mcredible that the umverse can have 
b^ designed pnmanly to produce life like our own, had it been 
so, surely we might have eicpected to find a better proportion between 
die magnitude of the mechanism and the amount of the product 
At first glance at least, hfe seems to be an utterly unimportant by- 


product, we hvmg thmgs are somehow off the mam line. 

We do not know whether smtnble physical conditions aresufSaent 
in themselves to produce life One school of diought holds that as 


the earth gradually cooled, it was natural, and mdeed almost mevi- 
table, thk life should come Another holds that after one acadent 


had brought the earth mto bemg, a second was necessary to produce 
life The matenal constituents of a hvmg body are perfectly ordmary 
rbffmiral atoms — carbon, such as we find m soot or lampblack; 


hydrogen and oxygen, such as we find jm water, mtrogen, such as 
forms the greater part of the atmosphere, and so on. Every kind of 
atom necessary for hfe must have existed on the new-born earth 
At mtervals, a group of atoms might happen to arrange themselves 
m the way in which they are arranged m Ae hvmg cell Indeed, given 
suffiaent time, they would be certam to do so, just as certam as the 
six monkeys would be certain, given suffiaent time, to type off a 
Shakespeare sonnet But would they then be a hvmg cell? In other 
words, IS a hvmg cell merely a group of ordmary atoms arranged m 
some non-ordmary way, or is it something more? Is it merely atoms, 
or is it atoms plus life? Or, to put it m another way, could a sufli- 
aendy skdful chemist create hfe out of the necessary atoms, as a boy 
can create a machine out of ‘‘Meccano,” and Aen make itgo^ We do 
not know the answer When it comes it will give us some indicanon 
whether other worlds m space are inhabited like ours, and so must 
have the greatest influence on our mterpretation of the meanmg of 
hfe— It may well produce a greater tevolutton of thought than 

Galileo’s astronomy or Darwm’s biology 
We do, however, know that while hvin^ matter consists of quite 
ordmary atoms, it consists m the mam of atoms which have a special 
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capaaty for coagulating mto eittraordinary large bunches or 'mole- 
cules” 

Most atoms do not possess this property The atoms of hydrogen 
and oxygen, for instance, may combme to form molecules of hydro- 
gen (Ha or Ha), of oxygen or 02one (O* or O3), of water (HaO), 
or of hydrogen peroxide (HeOa), but none of these compounds 
contains more than four atoms The addition of mtrogen does not 
gready change the situation, the compounds of hydrogen, oxygen 
and mtrogen all contam comparatively few atoms But the filler 
addition of carbon completely transforms the picture, the atoms of 
hydrogen, oxygen, mtrogen and carbon combme to form molecules 
contammg hundreds, thousands, and even tens of thousands, of 
atoms It IS of such molecules that hvmg bodies are mainly formed 
Until a century ago it was commonly supposed that some “vital 
force” was necessary to produce these and die other substances which 
entered mto the composition of the hvmg body. Then Wohler pro- 
duced urea (CO(NHs)3}, wbch is a typical ammal product, in his 
laboratory, by the ordmary processes of chemical synthesis, and other 
constituents of the hvmg body followed m due course Today one 
phenomenon after another which was at one time attnbuted to “vital 
force” is bemg traced to the action of the ordmary processes of phy- 
sics and chemistry. Although the problem is still ^ from soludon. 
It IS becommg mcreasmgly hkdy that what specially distmguishes 
the matter of hvmg bodies is the presence not of a “vital force,” but 
of the qmte commonplace element carbon, always m conjunction 
with other atoms with which it forms exceptionally large molecules 

If this IS so, life exists m the umverse only because the carbon atom 
possesses certamexceptional properties Perhaps carbonis rathernote- 
worthy chemically as formmg a sort of transition between the metals 
and non-metals, but so far nothmg m the physical constitution of the 
carbon atom is known to account for its very special capacity for 
bmdmg other atoms together. The carbon atom consists of six elec- 
trons revolvmg around the appropnate central nucleus, like six 
planets revolvmg around a cent^ sun, it appears to dififer from its 
two neatest neighbours m the table of chemical elements, the atoms 
of boron and mtrogen, only m havmg one electron more than the 
former and one electron fewer than the latter Yet this shght differ- 
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ence must account m the last resort for all die difference between 
bi& and absence of lii^ No doubt the reason why the six electron 
' atom possesses thesexemarkable properties resides somewhere m the 
ultimate laws of nature, but mathematical physics has not yet 
fathomed it 

Other similar cases are known to chemistry. Magnetic phenomena 
appear in a tremoidous degree in iron, and in a lesser degree m its 
neighbours, mckel and cobalt The atoms of these elements have 26, 
27 and 28 electrons respectively. The magnetic properties of all other 
atoms are almostneghgible in comparison. Somehow, then, although 
agam mathematical physics has not yet unravelled how, magnetism 
(kp<mds on the peculiar properties of the 26, 27 and 28 electron 
atoms, especially the £rst Radio-activity provides a third instance, 
lifting colled, with msigmficant exertions, to atoms having from 
83 to 92 electrons, agam we do not kww why. 

Thus chemistry can only td[l us to place life m the same category 
as n r fl gnfthsm and radio-activity. The umverse is built so as to operate 
according to certam laws. As a consequence of these laws, .atoms 
havmg certam defimte numbers of electrons, namely 6, 26 to 28, and 
83 to 92, have certam special properties, which show themselves m 
the phenomena of life, magnetism and ladjo-acdvity respectively 
An omnip otent creator, subject to no limitation whatever, would 
not have been restricted to the laws whidi prevail m die present 
umverse; he might have elected to build die umverse to conform 
to any one of umumerahle other sets of laws If some other set of 
laws had been chosen, other special atoms might have had ol^ 
special properties associated with them. We cannot say what, but 
it seems a pnort unlikely that either radio-*ctivity or magnetism or 

/(^ would have figured amongst them Chemistry suggests diat, like 

fnQgnftti^m and radio-activity, hfc may merely be an acadental con- 
sequence of the special set of laws by which the present umverse is 

^ I^^the word “acadental” may be challenged For what if the 
creamr of the umverse sdccted one special set of laws just because 
they led to the appearance of life? What if this were his -my o 
creating life? So long as we dunk of the creator as a magnified man- 
like hemg, ac^ted by feelmgs and mterests like our own, the 
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challenge cannot be met, except perhaps by tbe remark that, when 
such a creator has once been postulated, no argument can add much 
to what has already been assumed If, however, we dismiss every 
trace of anthropomorphism fi:om our mmds, there remains no reason 
for supposmg that the present lam were speaally selected m order 
to produce hife They are just as hkdy, for instance, to have been 
selected in order to produce magnetism or radio-acnvity'— mdeed 
more likely, smce to all appearances physics plays an mcomparably 
greater part in the umverse than biology. Viewed from a stncdy 
matenal standpomt, the utter insignificance of hfe would seem to go 
&r towards dispellmg any idea that it forms a speaal mterest of the 
Great Architect of the umverse 

A trivial analogy may exhibit the situation in a clearer hght An 
unimaginative sailor, accustomed to tymg knots, might think it 
would be impossible to cross the ocean if tymg knots were impossible 
Now the capaaty for tying knots is hmited to space of three dimen- 
sions; no knot can be tied m a space of 1, 2, 4, 5 or any other number 
of dunensions. From this fact our unimagmative sailor might reason 
that a beneficent aeator must have had sailors under his speaal 
patronage, and have chosen that space should have three dimensions 
m order that tying knots and cro^mg the ocpan should be possibi- 
hties m the umverse he had created— m bnc^ space was of three 
dunensions so that there could be sailors This and the argument 
outlmed above seem to be much on a level, because life as a whole 
and the tymg of knots are pretty much on a level !m that neither of 
diem forms more than an utterly insignificant firacbon of the total 
activity of die matenal umverse I 

So much for the surpnsmg manner m which, so far as saence can 
at present mform us, we came mto being And our tjewilderment is 
only mcreased when we attempt to pass fixim our ongms to an 
understaudmg of the purpose of our existence, or totforesee the des- 
tmy which fate has m store for our race I 

hife of the kmd we know can only exist under statable conditions 
of hght and heat; we only exist ourselves because' ^e earth receives 
the nght amount of radiation from the sun, upset the balancemather 
durcction, of excess or de&ct, and life must disappear from the earth 
And the essence of the situation is that the b alanc e is easily upset 
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“j** temjperate aW of fcoiiii, most 
iwTOtiW & be ^ descending on his ^ 

ilire terror, ea^ year the glaaen came ferdier down into die vallfeys- 

less al>le to provide the warmth needed* 
tor Ute. To him, as to us, die universe must have seemed hostile td< 


hfe. 


We of these later days, living in the narrow temperate zone sur- 
roimding our and peering mto the fer future, see an Ice Age of a ' 
^er^t M threatenmg us. Just as Tantalus, standing in a lake so . 

that he only just escaped drownmg, was yet destined to die of 
ta^so it IS the tragedy of our race that it is probably destined to 
die of cold; while the greater part of the substance of the umvetse * 
still remains too hot for hfe to obtam a footing. The having no 
extt^ous supply of heat, must necessarily emit ever less and less of 
Its bfe-givmg radiation, and, as it does so, the tempftTatf> zone of 
space, widun which alone life can eaost, must dose m around it To , 
lemam a possible abode of life, our earth would need to move m 
ever nearer and nearer to the dying sun. Yet, saence tells us that, so 
fer frorn its movmg inj^ds, inexorable dynamical laws are even 
now driving it ever farther away from the sun mto the outer cold 
and darkness. And, sol^ as we can see, they must continue to do 
so until life IS frozeii^ff the earth, unless i n d eed some colh- 

sion or catadysm ^tervenes to destroy hfe even garliw by a more 
speedy death. Thi^prospective fete is not peculiar to our ear th; other 
suns must die h^ our own, and any life there may be on other 
planets most mfot the same mglonons end. 

Physics tdls the same story as astnmomy. For, ind^endendy of 
aU astronomical considerations, the general physical prinaple known 
as the second law of thermo>dynamics predicts that there can be but 
one end to the umverse--^ "heat'death” m which the total energy 
of the universe is uniformly distributed, and all the substance of the 
universe is at the same temperature. This temperature will be so low 
as to make life impossible It matters htde by what particular road 
this froal state is're^jched, all roads lead to Rome, and the end of the 
journey cannot be other than umveisal death 
Is this, then, all that hfe amounts to— to stumble, almost by mis- 
take, mto a' universe which was dearly not designed for life, and 
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which, to all appeaianccs, is ather totally mdifierent or definitely 
hostile to It, to stay dinging on to a firagment of a gram of sand until 
we are firozen off, to strut our tmy hour on our tmy stage with the 
knowledge that our aspirations are all doomed to final fnistranon, . 
and that our achievements must pensh with our race, leavmg the 
umverse as though we had never been^ 

Astronomy suggests the question, but it is, I thmk, mainly to 
physics that we must turn for an answer. For astronomy can tdl us 
ofthe present arrangement of the umverse, ofihevasmess and vacuity 
of space, and of our own insignificance therem; it can even tell us 
somethmg as to the nature of the changes produced by the passage 
of tune But we must probe deep mto the fundamental nature of 
thmgs before we can expect to find the answer to our question 
And this is not the provmce of astronomy, rather we shall find that 
our quest takes us nght mto the heart of modem physical saence 
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THE NEW WORLD OF MODERN PHYSICS 

P RIMITIVE MAM must have found nature smgularly pusszlmg and 

uyncate The simplest phenomena could be trusted to recur inde- 
finitely, an unsupported body mvanably fefl, a stone thrown into 
mter s^ while a piece of wood floated Yet other more comph- 
cated phenomena showed no such uniformity-— the lightning struck 
one tree in die grove while its neighbour of smukr growth and 
equal size escaped unharmed, one month the new moon brought 
fiur weather, the next month foul 

Confronted with a natural world which was to all appearances as 
capnaous as himself, man's first impulse was to create Nature m his 
own image; he attributed the seemn^y erratic and unordered course 
of the umverse to the whims and passions of gods, or of benevolent 
or malevolent lesser spirits Only after much study did the great 
principle of causation emerge ha time it was found to dominate the 
whole of inanimate nature* a cause which could be completely iso- 
lated m Its action was found mvanably to produce the same effect 
What happened at any instant did not depend on the vohuons of 
extraneous beings, but followed inevitably by mexorable laws from 
the state of thmgs at the precedmg instant And this state of things 
had m turn been mevitably detenmned by an earh er state, and so on 
mdefimtely, so that the whole course of events been unalterably 

determmed by the state m which the world found itsdf at the first 
instant of its history, once this had been fixed, nature could move 
only along one road to a predestined end In bnef, the act of 
creation had created not only the umverse but its whole future his- 
tory Man, It IS true, sull believed that he himself was able to a&ct 
the course of events by his own vohtion, althoiigh m this he was 
gmded by mstmct rather than by logic, saencc, or experience, but 
hencefoi^ the law of causation took charge of all such events as he 
had previously assigned to the actions of supernatural beings 
The final estabhslunent of this law as the primary guiding pnn- 
aple m nature was the triumph of the seventeenth century, the great 
coitury of Galileo and Newton Apparitions mthe sky were shown 

10 
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to result merely &om the universal laws of optics; comets, wbch had 
btherto been regarded as portents of the fall of empires or the death 
of kmgs, were proved to have then: motions prescnbed by the 
umvetsal law of gravitation “And,” wrote Newton, “would that 
the rest of the phenomena of nature could be deduced by a like kind 
of reasonmg from mechamcal prmaples ” 

Out of this resulted a movement to interpret the whole material 
umverse as a madune, a movem^t which steadily gamed force until 
Its culmination m the latter half of the nineteenth century. It was 
then that Helmholtz declared that “the final aim of all natural saence 
IS to resolve itself into mechanics,” and Lord Kelvm confessed that 
he could understand nothmg of which he could not make a mecha- 
mcal model. He, like many of the great saentists of the mneteenth 
century, stood high m the engmeenng profession, many others could 
have done so had they tned. It was the age of the engmeer-sdentist, 
whose primary ambition was to make mediamcal models of die 
whole of nature. Waterston, Maxwell and others had explained the 
properties of a gas as machine-like properties with great success; the 
machine consisted of a vast multitude of tmy round, smooth spheres, 
harder dian the hardest steel, fiymg about like a hail of bullets on a 
battlefield The pressure of a gas, for instance, was caused by the 
impact of the speedily fiymg bullets, it was like the pressure which 
a hailstorm exerts on the roof of a tmt When sound was transmitted 
through a gas, these bullets were the messengers Similar attempts 
were made to es^lam the properties of hquids and sohds as machme- 
like properties, although with considerably less success, and also on 
hght and gravitation — ^with no success at all Yet this want of success 
fiuled to shake the behef that the umverse must m the last resort 
admit of a purely mechanical interpretation It was felt that only 
greater efforts were needed, and dm whole of inanimat-p nature would 
at last stand revealed as a perfecdy actmg marhiTK* 

All this had an obvious bearing on the mterpretation of human 
life. Each extension of the law of ^usabon, and each success of the 
mec hamcal mterpretabon of nature, made the behef m firee will more 
difficult For if dl nature obeyed the law of causabon, why should 
life be exempt^ Out of such considerabons arose the mechamsbc 
philosophies of the seventeenth and eighteenth centuries, and their 
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natural reactions, the idealist philosophies which isucceeded them. 
Saence appeared to fevour a mechanistic view whici saw the whole 
matenal world as a vast machine. By contrast, the ideahstic view 
(p. 95 below) attempted to regard the world ai the creation of 
thought and so as consistuig of thri iight. i 
Until early m the nineteenth century it was still compatible with 
saentiiic knowledge to regard hie as something) stan(^g entirely 
apart from inanimate nature Th^ came the disrovery that hvmg 
cells were formed of precisely the same chemical atoms as non-hvmg 
matter, and so were presumably governed by the ^ame natural laws 
This led to the question why the particular atoms of which our bodies 
and brains were formed should be exemptfirom thq laws of causation, 
It'began to be not only conjectured, but even fittcely mamtamed, 
that hfe itself must, in the last resort, prove to be purely mechamcai 
m Its nature. The mind of a Newton, a Bach or a Michelangelo, it 
was said, di^ed only m complmnty foom a pimhng press, a whisde 
or a steam saw, then whole function was to respond eicacdy to the 
stunuh they received from without Because such a aeed left no 
room for the operation of choice and foee will, it removed all basis 
for morahty Paul did not choose to be diffotent from Saul; he could 
not help beu^ di^erent, he was aifected by a diBEerent set of external 
stunuh. 


An almost kaleidoscopic re-arrangement of scientific thought 
came with the change of century The early sacntists were only able 
to study matter m ^unks huge enough to be directly apprehended 
by the unaided senses, the timest piece of matter with which they 
could experiment contained milhons of milhons of molecules Pieces 
of this size undoubtedly behaved m a mechamcai way, but this pro- 
vided no guarantee that single molecules would behave m the same 
way, everyone knows the vast difforence between the bdiaviour of 
a crowd and diat of the mdividu^ that compose it 
At the end of the nmeteenth century it first became possible to 
study the behaviour of smgle molecules, atoms and electtons The 
century had lasted just long enough for saence to discover that cer- 
tain phenomena, radiation and gravitation m particular, defied all 
attempts at a purely mechamcai ciqilanation While philosophers 
were soil debatmg whether a machme could he constructed to rqiro- 
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duce the thoughts ofNewton, the emotions ofBach or the inspiration 
of Michelangelo, the average man of saence was rapidly becommg 
convmced that no machme could be constructed to reproduce the 
hght of a candle or the fall of an apple. Then, m the dosmg months 
of the century, Professor Max Planck, of Berlm, brought forward a 
tentative explanation of certain phenomena of radiation which had 
so far completely de£ed mterpretadon Not only was his eiqilanation 
non-mechamcal m its nature; it seemed impossible to connea it up 
with any mechamcal hne of thought Largdy for this reason, it was 
amazed, attacked and even ridiculed But it proved bnlhantly 
successful, and ultimately devdoped into the modem “quantum 
theory,” which forms one of the great dominatmg prmaples of 
modem physics Also, although this was not apparent at the time. 
It marked the end of the mechamml age m saence, and the opemng 
of a new era 

In Its earhest form, Planck’s theory hardly went beyond suggest- 
mg that the course of nature proceeded by tmy jumps andjerb, like 
the hands of a dock Yet, although it does not advance contmuously, 
a dock IS purely mechamcal in its ultimate nature, and follows the 
law of causation absolutdy. Emstem showed m 1917 that the theory 
founded by Planck appeared, at first sight at least, to entail conse- 
quences far more revolutionary than mere discontmmty. It appeared 
to dethrone the law of causation firom the position it had heretofore 
held as guidmg the course of the natural world. The old saence had 
confidently prodaimed that nature could follow only one road, the 
road which was mapped out firom the begmmng of tune to its end 
by the contmuous clmi of cause and effect; state A was mevitably 
succeeded by state B So fin the new sdence has only been able to 
say that state A may be followed by state B or C or D or by mnu- 
merable other states It can, it is true, say that B is more hkdy than 
C, C than D, and so on; it can even speofy the rdative probabihties 
of states B, C and D But, just because it has to speak m terms of 
probabihties, it cannot predict with certamty which state wiU follow 
which, this is a matter which hes on the knees of the gods— whatever 
gods there be. 

A concrete example will explam this more dearly. It is known 
that the atoms of radium, and of other radio-active substances, dis- 
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integrate into atoms of lead and helium Mnth the mere passage of 
time, so that a mass of radium contmually Amimshes m amount, 
bemg replaced by lead and hehum The law which governs the rate 
of dimmution is very remarkable. The amount of radium decreases 
m precisely the same way as a population would if there were no 
births, and a uniform death-rate which was the same for every 
mdividual, regardless of his age Or agam, it decreases in the same way 
as the numbers of a battahon ofsoldieis who are exposed to absolutely 
random undirected fire. In bnefi old age appears to mean notiung 
to the mdividual radium atom; it does not ^e because it has hved 
Its life, but rather because m some way &te knocks at the door. 

To take a concrete illustration, suppose that our room contams 
two thousand atoms of radium Saence cannot say how many of 
these will survive after a year s time, it can only tell us the relative 
oddsmfavourofthenumber bemg 2,000, 1,999, 1,998, and so on 
Actually the most hkely event n that the number will be 1,999, the 
probabilities are m favour of oim, and only one, of the 2,000 atoms 
' breaking up withm the next year 

We do not know m what way this particular atom is selected ouT 
of the 2,000. We may at first fed tempted to conjecture it will be 
the atom that gets knocked about most or gets mto the hottest places, 
or what not, m the commg year. Yet this cannot be, for if Wows or 
heat could dismtegrate one atom, they could dismtcgrate the other 
1,999, and we should be able to eiqjedite the dismtcgration of radium 
merdy by compressmg it or heating it up. Every physicist beheves 
this to be impossible; he rather bdieves that every year fete knocb 
at the door of one r^um atom m every 2,000, and compek it to 
break up, this is the hypothesis of "spontaneous dismt^tion 
advanced by Rutherford and Soddy m 1903 
History, of course, may repeat itsdf, and once agam an apparent 
capnaousness'm nature may be found, m hgbt of fuller know- 

ledge, to arise out of the inevitable operation of the law of cam and 
effect When we speak m terms of probabihties m ordinary life, 
merdy show that our knowledge is mcomplete; we may say it 

appears probable that it will ram tomorrow, while the mcteorolo^cal 

expert, knowmg that a deep depression is commg eastward from 
the Atlantic, can say with confidence that it will be wet. We may 
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Speak of the odds on a horse, while the owner knows it has broken 
Its leg In the same way, the appeal of the new physics to probabih- 
ties may merely cloak its ignorance of the true mechanism 
of nature 

An illustration will suggest how this might be. Early m the present 
century, McLennan, Rudierford and others detected m the earth’s 
atmosphere a new type of radiation, distmguished by its extremely 
high powers of penetratmg sohd matter. Ordmary light will pene- 
trate only a fraction of an mch through opaque matter, we can shield 
our &ces fi:om the rays of the sun with a sheet of paper, or an even 
thinner screen of metal. The X-rays have a &r greater penetratmg 
power; they can be made to pass through our hands, or even our 
whole bodies, so that the surgeon can photograph our bones Yet 
metal of the thickness of a com stops them completely. But the 
radiation discovered by McLennan and Rutherford could penetrate 
through several yards of lead or other dense metal. 

We now know that a large part of this radiation, generally des- 
cnbed as *‘cosmic radiation,” has its ongm m outer space. It &lls 
on the earth m large quantities, and its powers of destruction are 
immense Every second it breaks up about twenty atoms m every 
cubic mch of our atmosphere, and milli ons of atoms in each of our 
bodies It has been suggested that this radiation, falhng on germ- 
plasm, may produce the spasmodic biological variations which the 
modem theory of evolution demands, it may have been cosmic 
radiation that turned monkeys into men 

In the same way, it was at one time conjectured that die felling of 
cosmic radiation on radio-active atoms mi ght be the cause of thwr 
disintegration The rays fell hke fete, stnkmg now one atom and 
now another, so that the atoms succumbed hlcp s old ie r s exposed to 
randomfire, and the law which governed their rate of disappearance 
was ei^lamed. This coiqecture was disproved by the simp le device 
of takmg radio-active matter down a coal mine. It was now com- 
pletely shidded from the cosmic rays, but continued to dismt^grafe 
at the same rate as before. 

This hypothesis failed, but probably many physicists expect that 
some other physical agency may yet be found to act the role of fete 
in radio-active dismtegration TKe deadi-rate of atoms would obvi- 



16 THE MTSTBHIOUS UNIVERSE 

ously diea Be proportional to the strez^th of this agency. But other 
similar phenomena present £u greater difficulties 
Amongst these is the familiar phenomenon of the emission ofhght 
by an ordmary electric hght bulb. The essentials are that a hot & 
ment receives energy from a dynamo and discharges it as radiation. 
Inside the filament, the electrons of milhons of atoms are vphiriing 
round in their orbits, every now and then jumping, suddenly and 
almost discontmuously, fi:om one orbit to another, sometunes emit- 
ting, and sometimes absorbing, radiation m the process. In 1917, JEm- 
stem mvestigated what may be descnbed as the statistics of these 
jumps Some are of course caused by the radiation itself and the heat 
of the filament But these are not enough to account for the whole of 
the radiation emitted by the filament Binstem found that there must 
be other jumps as well, and that th^e must occur spontaneously, hke 
the disintegr ation of the radium atom In bnef, it appears as though 
fate must bemvokedhere also Nowifsome ordinary physical agency 
played the part of fate m this case, its strength ought to affect the in- 
tensity of the emission of radiation by the filamoit But, so far as we 
know, the mtensity of the radiation depends only on known con- 
stants of nature, which are the same here as in die remotest stars And 
this seems to leaveno room for theintervoitionof anoctemal agency 
We can perhaps form some sort of a picture of die nature of these 
spontaneous dismtegrations or jumps, by comparing the atom to a 
party of four card players who agree to break up as soon as a hand is 
dealt m which each player receives just one complete suit A room 
f«> Tifa^ ping of such parties may be taken to r^rcsent a mass 

of radio-active substance. Then it can be shewn diat the number of 
card parties will decrease accordmg to die exact law of radio-active 
decay on one condition— flwir the cards are well shttffled letween each 

deal ffthereis adequateshuffimg of the cards, the passageofomeand 

die past will mean nothing to the card players, for the situation is 
bom afresh each time the cards are shuffled. Thus the deaffi-mte p« 
thousand will be constant, as with atoms of radium Butif tto cm^ 
arc merely taken up after each deal, without shufflmg, cadi deal tol- 
lows inevitably from thcprecedmg, and we have thea^ogue ot the 

old law of causation Here die rate of diminution in the number ot 

phyas would be differentfaom that actually obsetvedmradio-acttve 
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dismtegration. We can only reproduce this by supposing the cards 
to he contmually shuffled, and tl^ shuffler is he whom we have called 
fate 

Thus, although we are still far from any positive knowledge, it 
seems possible that there may he some frctor, for which we have so 
far found no better name than fate, operatmg m nature to neutraliae 
the cast-iron mevitabihty of the old kw of causation The future may 
not be as unalterably determmed by the past as we used to think, m 
part at least it may rest on the knees of whatever gods there be. 

Many other considerations pomt m the same direction For m- 
stance, Professor Heisenberg has shown that the concepts of the 
modem quantum theory mvolve what he calls a “pnnciple of mdo- 
termmacy *’ We have long thought of the workmgs of nature as ex- 
emplifying the acme of preasion Our man-made machmes are, we 
know, imperfect and inaccurate, but we have cherished a behef that 
the innermost workuigs of the atom would exemplify absolute ac- 
curacy and precision. Yet Heisenberg now makes it appear that nature 
abhors accuracy and precision above all thmgs 

Accordmg to the old saence, the state of a particle, such as an elec- 
tron, was completely specified whoi we knew its position m space at 
a smgle instant and its speed of motion through space at the same 
mstant These data, together with a knowledge of any forces which 
might act on it from outside, determmed the whole future of the 
electron If these data were given for all the partides m the umverse, 
the whole future of the umverse could be predicted. 

The new saence, as mterpreted by Heisenberg, asserts that these 
data are, from the nature of thmgs, unprocurable If we know that 
an electron is at a certam pomt iii space, we cannot specify exactly 
the speed with which it is movmg — nature permits a certam *‘mar- 
gm of error,” and if we try to get withm this marg in , nature will 
give us no help she knows noth^, apparently, of absolutely exact 
measurements. In the same way, if we know the exact speed of 
motion of an electron, nature refiises to let us discover its exact posi- 
tion m space It is as though the position and motion of the electron 
had been marked on the two diferoit frees of a kntem shde If we 
put the shde m a bad kntem, we can focus halfway between the two 
frees, and shall see both the position and motion of the electron toler- 
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ably dearly Wiii a perfect kntem, we could not do tbs, the more 
we focused on one, the more blurred tbe other would become 

The imperfect lantern is the old sdencc. It gave us the illusion that, 
if only we had a perfect lantern, we should be able to both 

the position and motion of a pamde at a given instant with perfect 
sharpness, and it was this illusion that mtroduced deter minism m to 
science. But now that we have the more perfect lantern m the new 
saence, it merdy shows us that the speofications of position and 
motion he m two didhrent planes of reahty, wbeh cannot be brought 
simultaneously mto sharp focus In so domg, it cuts away the ground 
on wbch the old determinism was based 

' Or agam, to take another analogy, it is almost as though the jomts 
of the umvetse had somehow wozked loose, as though its mechan- 
ism had devdoped a certam amount of “play,” such as we &d m a 
wdl-wom engine Yet the analogy is mideadmg if it suggests that 
the universe is m any way worn out or imperfect In an old or ,wom 
oigme, the degree of “pky” or ‘loosejomtedness” vanes from pomt 
to pomt; m the natural world it is measured by the mystenous quan- 
tity known as "Tlanck’s constant h/* wbch proves to be absolutdy 
uniform throughout the umverse Its value, both m the laboratory 
and m the stars, can be measured m mnumerable ways, and always 
proves to be preasdy the same. Yet the feet that “loosejomtedness,” 
of any type whatever, pervades the whole umverse destroys the case 
for abolutdy stnet causation, tbs latter bemg the (haractenstic of 
perfectly httmg machinery. 

The uncertainty to wb^ Heisenberg has called attention is parti- 
ally, hut not wholly, of a subjective nature. The feet that we cannot 
specify the position and speed of an dectron with absolute precision 
arises m part ftom the dumsmess of the apparatus with wbch we 
work— just as a man cannot weigh himself with absolute accuracy if 
he has no weight less than a pound at bs disposal The smallest umt 
known to science is an dectron, so that no smaller unit can possibly 
be at the disposal of the physicist In actual feet, it is not the fimte 
size of this umt that is the immediate cause of the trouble, so much 
as that of the mystenous umt h mtroduced by Planck's quantum 
theory. Tbs measures the size of the “jerks” by wbch nature moves, 
and so long as these jerks are of fimte size, it is as impossible to make 
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exact measuremetits as to weigh oneself exactly on a balance which 
can only move by jerks 

This subjective uncertamty has, however, no beanng on the prob- 
lems of radio-activity and radiation discussed on pages 14 and 16. 
And there are many other phenomena of nature, too numerous even 
to enumerate here, which cannotbemdudedmanyconsistentscheme 
iinlpjs the conception of mdetermin^ is mtroduced somewhere and 
somehow 

These and other considerations to which we shall return below 
(pp. 25, 82) have led many physicists to suppose that there is no 
determinism m events m winch atoms and diectrons are mvolved 
smgly, and that the apparent determinism m large-scale events is only 
of a statistical nature Dirac descnbes the situation as follows. — 

When an observation is made on any atomic system, m a given state ...the 
result ^ not m general be detennmate, i e , if the eiqienment is repeated 
several times under identical condiuons, several different results may be 
obtained If the eii^enment is repeated a large number of times, it will be found 
that eadi parbcuW result vnll be obtamed a de&ute faction of the total 
number of tunes, so diat one can say there is a defimte probability of its bemg 
obtamed any time die experiment is performed This probabibty the dieory 
enables one to calculate In special cases, the probabibty may be umty, and 
the result of the experiment is dien quite determinate 

In other words, when we are dealmg with atoms and electrons in 
crowds, the mathematical law of averages imposes the determinism 
which physical laws have failed to provide. 

We can illustrate the concept by an analogous situation m the large- 
scale world. If we spm a halfpenny, nothing withm our knowledge 
may be able to deade whether it will come down heads or tails, yet 
if we throw up a milhon tons of hali^ence, we know there will be 
500,000 tons of heads and 500,000 tons of tails. The experiment may 
be repeated time after tune, and will always give die same result. We 
may be tempted to instance it as evidence of the uniformity of nature, 
and to infer the action of an underlymg law of causation: in actual 
fact It IS an instance only of the operation of the purely mathemadcal 
laws of chance 

Yet the number of hal^ence m a million tons is nothmg m com- 
parison with the number of atoms m even the smallest piece of mat- 

M S T-— B 
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ter with which the earher physicists could eiipenineiit It is easy to 
see how the illusion of determmacy—if it is an illusion— crept mto 
saence 

We have still no definite knowledge on any of these prohlems A 
number, although I think a rapidly diminishing number, of physi- 
cists still eiqpectthatmsome way thelawofstnct causation wiUmthe 
end be restored to its old place m the natural wodd, but the recent 
trend of saentific progress gives them no encouragement At any 
rate, the concept of stnct causation finds no place in the picture of 
the umverse which the new phyncs presents to us, with the result 
that this picture contains more room than did the old mechamcal 
picture for life and consaousness to exist within the picture itself 
together widi the attnbutes which we commonly assoaate with 
them, such as free wdl, and the capaaty to make the umverse m some 


minds. Through these atoms our mmds may perchance aflfect the 
motions of our bodies and so the state of the world around us. Today 
saence can no longer shut the door on dus possibihty, she has no 
longer any unanswerable arguments to btmg against our innate con- 
viction of free will On the other hand, she gives no hmt as to what 
absence of determinism or causation may mean If we, and nature m 
general, do not respond m a umque way to external stimuh, what 
the course of events? If anydimg at all, we are thrown 
back on determinism and causation, if nothmg at all, how can any- 
thmg ever occur? 

As I see It, we ate unlikely to reach any defimte conclusions on 
these questions until we have a better understandmg of the true nature 
of time. The fundamental laws of nature, m so far as we are at present 
arquam H with them, give no reason why tune should flow steadily 
on; they are equally prepared to consider t^ possibihty of tunc stand- 
mg soil or flowing backwards. The steady onward flow of om^ 
which is the essence of the cause-effect relaoon, is something which 
we superpose on to the ascertained laws of nature out of our own 
e^enence, whether or not it is inherent m the nature of time, we 
sunply do not know, although, as we shall see shortly, the theory of 


itiYiall degree different by our presence For, for aught we know, or 
for aught that the new saence can say to the contrary, the gods which 
nlav the part of firte to the atoms of our brams may be our own 
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relativity goes at any rate some distance towards stigmatizing this 
steady onward flow of time and the cause-efi&ct relation as illusions; 
it regards time merely as a fourth dimension to he added to'the three 
dimensions of space, so that past hoc ergo propter hoc may be no more 
true of a sequence of happemngs m time than it is of the sequence of 
telegraph poles along the Great North Road 
It IS always the puzde of the nature of time that brings our thoughts 
to a standstill. And if tune is so fundamental that an un derstanding of 
its true nature is for ever beyond our reach, then so also m all proba- 
bihty is a decision m the age-long controversy between det erminism 
and fi:ee will. 


The possible abohtion of determinism and die law of causation 
from physics are, however, comparatively recent developments m 
the history of the quantum theory. The primary objert of the theory 
was to explain certam phenomena of radiation, and to understand 
the question at issue we must retrace our steps as frr back as Newton 
and die seventeenth century. 


The most obvious fra about a ray of hght, at any rate to superfraal 
observadon, is its tendency to travel m a straight hne; every one is 
frmihar with the straight edges of a sunbeam m a dusty room. As a 
rapidly movmg particle of matter also tends to travel m a straight 
hne, the early saentists, rather naturally, thought of hght as a stream 
of particles throvra out from a lummous source, like shot from a gun. 
Newton adopted this view, and added precision to it m his “corpus- 
cular theory of light ” 


Yet It is a matter of common observation diat a ray of hght does 
not always travel m a straight hne. It can be abrupdy turned by re- 
flection, sudi as occurs when it frlls on die surfece of a mirror. Or 


its path may be bent by refraction, such as occurs when it en ter s 
water or any liqmd medium, it is refraction that malc« our oar look 
broken at the point where it enters die water, and mflkt».s the nver 
look shallower than it proves to be when we step mm it. Even m 
Newton s time the lavrs which governed these phenomena were wdl 
knovra. In the case of reflection the angle at which the ray of hght 
struck the mirror was exaedy the same as that at which it rame off 
after reflection, in other words, l^h^ bounces offa mirror him a ten- 
nis ball bouncmg off a perfeedy burd tennis court In the case of re- 
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faction, the sme of the angle of inadence stood in a constant ratio to 
the sine of the angle of refraction We find Newton at pains to show 
that his light-corpusdes would move m accordance with these laws, 
if they were subjected to certain defimte forces at the surfeces of a 
mirror or a refinctmg liqmd Here are Propositions zav and xcvi of 
the Pnnapia : — 


paorosiTioN xciv 

If two similar mediimu be separated fiom each other by a ^ace temunatcd 
on both ades by paralld planes, and a body in its passage through that spict 
be attracted or impelled perpendicularly towards either of those mediums, and 
not agitated or hindered by any other force, and foe attraction be everywhere 
foe same at equal distances from either plane, taken towards foe same hand of 
the plane, I say, that foe sine of maden^ upon either plane will be to foe sine 
of emergence from the other plane m a given ratio 


PROPOSITION XCVI 

The same fon^s ben^ supposed, and that foe motion before nuadencn is 
swifter than afterwards, I say, foat if foe line of madence be indmcd contmu- 
ally, foe body will be at last xe&ected, and foe angk of reflection will be equal 
to foe angle of madence 


Newtoii*s corpuscular theory met its doom in the fiict that when 
a ray of light on the surfoce of water, only part of it is refracted 

The remainder is reflected, and it is this latter part that produces the 
ordinary rcflectioDS of objects m a lake, or the ripple of moonhght 
on the sea. It was objected that Newton’s theory ^ed to account for 
this reflection, for if hght had consisted of coipusdes, the forces at 
the surface of the water ought to have treated all coipusdes alike; 
when one coipusde was refected all ought to be, and this left water 
with no power to reflect the sun, moon or stars Newton tned to 
obviate this objecaon by attobuting "alternate fits of transmission 
and reflection” to the surfece of the water— the coipusde which fdl 
on the sur&ce at one instant was admitted, but the next instant the 
gates were shut, and its compamon was turned away to form re- 
flected light. This concept was strangely and strikingly anoapato^ 
of modem quantum theory in its abandonment of the uniformity m 
nature and its replacement of dete rmin ism by probabihaes, but it 
failed to carry conviction at the time. 
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And, UL any case, the coipnscular theory was con&onted by other 
and graver difficulaes. When studied in suffiaendy minute detail, 
hght is not found to travel m such absolutely straight hnes as to sug- 
gest the motions of parddes A big object, such as a house or a moun- 
tam, throws a definite shadow, and so gives as good protection firom 
the glare of die sun as it would firom a shower of bullets But a tmy 
object, such as a very dim wire, hair or fibre, throws no such shadow. 
When we hold it m front of a screen, no part of die screen remains 
umlluimnated In some way the hght contnves to bend round it, and, 
instead of a definite shadow, we see an alternation of light and com- 
paratively dark parallel bands, known as '‘mterference bands *’ To 
take ano^er mstance, a large circular hole m a screen lets through a 
circular patch of hght But make the hole as small as the smallest of 
pinholes, and the pattern thrown on a screen beyond is not a any 
cncular patch of light, but a far larger pattern of concentric rmgs, m 
which hght and dark rings alternate— “difiracdon nngs ’* Fig. 1 of 
Frontispiece^ Plate 11 shows the pattern obtamed by allowmg a beam 
of hght to pass through a pinhole on to a photographic plate. AH the 
hght which IS more than a pinhole’s rachus from the cenae has m 
some way bent round the edge of the hole 

Newton regarded these phenomena as evidence diat his "hght- 
corpuscles” were attracted by sohd matter. He wrote’ — 

The rays of light that ace m our air, m dieir passage near the angles of bodies, 
whether transparent or opaque (such as the accular and rectangular edges of 
coins, or of kmves, or broken pieces of stone or glass), are bent or inflected 
round those bodies, as if they were attracted to them, and those rays which in 
dieu: passage came neatest to the bodies axe the most inflected, as if fliey were 
most attracted. 

Here agam Newton was saangely anacipatory of present-day 
saence, his supposed forces being closely analogous to the ’’quan- 
tum forces” of the modem wave-mechamcs. But they ^ed to give 
any detailed explanaaon of difiracnon-phenomcna, and so met with 
no &7our 

In tune, all hese and similar phenomena were adequately ex- 
plamed by supposmg that hght consists of waves, somewhat similar 
to those which the wmd blows up on the sea, except that, mstead of 
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eadb wave being many yards long, many thousands of waves go to 
a single indi Waves of hght bend round a small obstacle m ei^y 
the way in which waves of the sea bend round a small rock. A rocky 
reef mdes long gives almost perfect shelter firom the sea, but a small 
rock gives no such protection— the waves pass round it on either 
side, and re-umte behmd it, just as waves of hght re-umte behmd our 
, thm hair or fibre, in the same way sea waves which fill on the 
entrance to a harbour do not tmvel m a straight hne across the har- 
bour but bend round the edges of the breakwater, and make the 
whole surfice of the water m the harbour rough. Fig. 1 of Fmtis- 
piece, Plate 11 shows the “roughness” beyond a pinhole produced by 
waves of hght which have bent round the e^es of the pmhole like 
sea waves bendmg round a breakwater. The seventeenth century re- 
garded hght as a shower of particles, the eighteenth century, dis- 
covermg that this was inadequate to account for small-scale phe- 
nomena such as we have just described, replaced 'ihe showers of 
particles by trains of waves 

Yet die replacement brought its own difficulties with it When 
sunhght is passed through a pnsm, it is broken up mto a rambow- 
hke “spectrum” of colours— red, orange, yellow, green, blue, mdigo 
and violet. If hght consisted of waves hke die waves of the sea, it can 
be shown that all the hght of the analysed sunhght ought to be found 
at the extreme violet end of the spectrum Not only so, but extreme 
violet waves have an unlimited capaaty for absorbmg energy, and 
as they have then mouths permanendy wide open, all the energy of 
the umverse would rapidly pass mto the form of violet, or ultra- 
violet, radiation travellmg through space. 

The “quantum theory” came mto bemg as an effort to cure the 
wave theory of hght of these deficts. It has been completely success- 
ful It has shown that Newton was not wholly wrong m regardmg 
hgliir as corpuscular, for it has proved that a beam of hght may be 
r^arded as broken up mto discrete umts, called “hght-quanta or 
“photons,” with almost the defimteness with which a shower of ram 
may be broken up into drops of water, a shower of bullets mto sq>ar- 
ate pieces of lead, or a gas mto separate molecules 

At the same fame, the hght does not lose its undulatory charact^. 
Each htde parcel of hght has a defimte quantity, of the nature of a 
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length, associated with it. We call this its **wave length,” because 
when the hght in question is passed through a prism, it behaves 
exacdy as waves of this particular length of wave would do. light 
of long wave length is made up of small parc^, and vice vetsa, the 
amount of energy m each pared being inversely proportional to this 
wave length, so that we can always calculate the energy of a photon 
firom Its wave length, and vice versa. 

It IS impossible even to summarize dbe great mass of evidence 
on which these concepts are based. It all, absolutely without excep- 
tion, mdicates that hght travels through laboratory apparatus in un- 
broken photons, no observation yet made has revealdi die existence 
ofa&actionofaphoton, or givenany reason ^r suspecting that such 
a dung can exist Two examples may typify the whole. 

Radiadon may, under suitable conditions, break up the atoms on 
which It £dls A study of the shattered atoms discloses how much 
energy has been let loose on each to do the work of br eaking it up. 
Invariably the energy proves to be exaedy that of a complete photon, 
as calculated &om its known wave length. It is as diough an army of 
hght had come mto conflict with an army of matter. It has long been 
known that the latter army consists of mdividual soldiers, the atoms; 
It now appears that (he former also consists of individual soldiers, the 
photons, a study of the batdefield diowing that the conflict has con- 
sisted of mdividual man-to-man encounters. 

As a second example, Professor Compton of Chicago has recendy 
studied what happens when X-radiation &lls on electrons. He finds 
that the radiation is scattered exaedy as though it consisted of matprial 
particles of hght, or photons, moving as separate detached this 
tune like bullets on a batdefield, and hitting all electrons which stand 
m their way. The extent to whidi mdividual photons are 
fi:om then courses at these collisions makes it possible to rpln^la^ the 
energy of the photons, and agam this is found to agree exaedy with 
that calculated fo>m dteir wave length. 

This concept of mdivisible photons agam leads us back to mde- 
termmacy. There are vanous methods of sphttmg up a beam of hght 
into two parts which follow di^rent paths. When the beam is re- 
duced to a smgle photon, it must follow either one path or the other; 
it cannot distribute itsdf over both because the photon is mdivisible. 
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And Its choice of path proves to be a matter of probability, not of 
detemimacy. 

In this way it appears that the seventeenth century, which regarded 
hght as mere particles, and the nineteenth century, which regarded 
It as mere waves, were both wrong—or, if we prefer, both nght 
Light, and indeed radiation of all kmds, is both particles and waves 
at the same time Li Professor Compton’s expenments, X-radiation 
falls on smgle electrons and behaves like a shower of discrete parti- 
cles, m the expenments of Laue, Bragg and othen, esracdy similar 
radiation Ms on a sohd crystal and behaves m all respects like a suc- 
cession of waves And it is the same throughout nature; the same 
radiation can simulate both particles and waves at the same time 
Now it behaves like particles, now like waves; no general prmaple 
yet known can tell us what bdbaviour it will choose m any particular 
instance. 

Clearly we can only preserve our behef m die muforniity of nature 
by Twfligitig the supposition that particles and waves are m essence the 
same dung. And this brings us to the second, and fer more exatmg, 
half of our story. The first half, which has just been told, is that radia- 
tion can appear now as waves and now as particles, the second is that 
electrons and protons, the fimdamcntal umts of which all matter is 
composed (p. 34), can also appear now as particles, and now as 
waves A duahty has recendy been discovered m the nature of elco" 
trons and protons similar to that already known to most m the nature of 
radiation; these alsoappearto be partidesand waves atthcsametime 

When Newton s corpuscular theory of hght first gaye place to the 
undulatory theory, it became nc<»ssary to eiqilam how a succession 
of waves could simulate the behaviour of a shower of particles, and 
move m a straight hne except where it was deflected firom its courw 
by reflection or refraction For if the sunbeam let m through a crack 
m the shutter consisted of waves, it was natural to eiqpect that dicy 
would spread through the whole of the room, just as a ripple spr^ 
over the whole sorfiice of a pond, or as the very narrow beam which 
has passed through a pinhole has spread out m Fig 1 of Bontisptece, 
Plate n. Yet Young and Fresnd showed that an undisturbed succes- 
sion of waves of sufficient width would move as a beam, widiout 
appreaable sideways spread— like a shower of freely movmg partt- 



THE NEW WORLD OF MODERN PHYSICS 27 

cies—and would be reflected from a mirror m the same way m which 
a projectile bounces ofl* a perfectly hard surface. It was also shown 
that such a system of waves would he refracted accordmg to the 
known laws of refraction of hght Rnally, if such a system of waves 
travelled through a medium whose refracting power changed con- 
tinuously, Its path would he similar to that of a particle which was 
made to deviate from a straight path by continuously acting forces. 
Indeed die two paths could he made identical by takmg the force at 
every pomt proportional to the change in the square of the refractive 
mdex This eicplamed the success of Newton’s Propositions xav and 
xcvi which we have quoted on page 22 

Thus whatever the particles of Newton’s corpuscular theory could 
do, a succession of waves could do die same. But, just because of 
their greater complexity, they were able to do more, and m every 
case m which the partides failed to simulate the behaviour of hght. 
It was found that a system of waves could fill die part completely. 
In this way Newton’s supposed particles became resolved mto sys- 
tems of waves. 

The last few years have seen the particles of which ordinary mat- 
ter is formed— i e , protons and dectrons— resolved mto systems of 
waves in a somewhat amilar way. In many circumstances, the be- 
haviour of an electron or proton is found to be too complex to per- 
mit of explanation as the motion of a mere partide, Louis de Broghe, 
Schrodu^er and others have accordingly tned to mterpret it as the 
behaviour of a'group of waves and, m so domg, have founded the 
branch of mathematical physics which is now known as "Wave- 
Mechanics ’’ 

If we watch an ordmary tennis ball bouncmg off the surface of a 
perfecdy hard tennis court, we shall find that its motion is the same 
as that of a beam of hght reflected at the sur&ce of a mirror, so dla^ 
we may properly spe^ of the ball as being ‘‘reflected’’ from the sur- 
fecc of the court But there is not much gamed by the discovery. No 
doubt It would permit us to mterpret a tennis ball as a system of 
waves if we desired to do so, but we do not, for one thing we can 
see, or think we can sec, that a tennis ball is not a system of vraves 

The case would be different if the movmg object were not a tmnw 
ball but an electron. If the motion of an electron bo unong off a sur- 

U S T — 
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Bice were observed to be bke that of a system of waves, nothing 
could preclude the possibibty of die electron being a system of waves 
No one can now say ‘"This does not mterestme—I can see the elec- 
tron, and it clearly is not a system of waves,” for no one has ever 
seen an electron, or has the remotest conception as to what it would 
look like. We are just as fi:ee a priori to consider an electron as a sys- 
tem of waves, as to consider Newton’s ligbt-corpus(3es as systems of 
waves. And to £nd out whether an electron really is a system of 
waves, we must turn to pbenomena m which a hard pamde and a 
system of waves would behave difTerendy. 

Now the phenomena m which the electron did not behave at all 
as It was expected to, so long as it was regarded as a particle, provide 
precisely the group of phenomena we want, and m every case the 
electron is found to behave exactly like a system of waves. One par- 
ticular phenomenon is that of a shower of electrons bounong off a 
metal pkte; they do not bounce off like a shower of hail-stones or 
t^nnifi balls, but produce a diffiaction pattern (p 23) as a system of 
waves woidd do (see FronttspteiXf Plate II, Fig 3). And it is the same 
when the shower of electrons is shot throu^ a tiny aperture, they 
spread laterally and produce a di&action pattern very similar to that 
produced by waves of light (see Frontispiece Plate H, Rgs 1 and 2) 
This does not of course prove that an electron actually consists of 
waves, but it raises the question whether a system of waves does not 
provide a better picture of the electron than the hard particle Actu- 
ally a system of waves provides a picture which has never yet kilcd 
to predict the behaviour of dbe cl^rtron, while the conception of an 
kectron as a hard pamde has felled on innumerable occasions 

The new wave-mechames shows that a moving electron or proton 
ought to behave like a system of waves of quite de&nte wave length; 
this depends on the mass of the movmg pamde, and on its speed of 
motion, but on nothing else. And the wave lengths it assig^ to elec- 
trons and protons movmg under ordinary laboratory condittons are , 
such as can be easily measured widi ordinary laboratory apparatus. 

Bv ppnmmtg on what may properly be described as the reflection 
and refraction of dectrons have been performed by Davison and 
Gcrmer m Amenca, by Professor G. P. Thomson at ^berdem by 
Rupp m Germany, by Kikudu m Japan, and by many others Mov- 
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ing electrons aie shot, as a parallel beam, either on to or through a 
metalhc surface. And m each case the effect recorded on a suitably 
placed photographic plate is not at all that which would be observed 
if the dectrons behaved like a shower of small shot or other hard 
parades A dif&action pattern is mvanably obtained, consisting of a 
system of concentric rings, hght and dark nngs altematmg. The pat- 
tern IS the same as would have been produced if waves of a certam 
defimte wave length had Men on the metal, and when the wave 
length is measured it proves to be exacdy that predicted by the wave- 
mechamcs formula already mentioned Recently Professor A J. 
Dempster of Chicago has had a srnnlar success with movmg protons. 

These and other expenments make it dear that the waves and 
wave lengths assoaated with movmg dectrons and protons are at 
least somethmg more than a pure mydi. Somethmg of an undula- 
tory nature is certainly mvolved, and the picture which represents 
moving dectrons and protons as systems of waves explains their be- 
haviour &r better, both inside and outside atoms, than did die old 
picture which regarded them merdy as charged parades. 

We shall discuss the nature of these waves more fiilly bdow (p. 
81] For our immediate purpose it is enough that the mgredients of 
matter (electrons and protons) and radiaaon both exbbit a dual 
nature. So long as science deals only with large-scale phenomena, an 
adequate picture can generally be obtamed by supposmg both to be 
of the nature of parades, fiat when saence comes to doser gnps 
with nature, and passes to the study of small-scale phenomena, mat- 
ter and radiaaon are found equally to resolve themsdves mto waves. 

If we want to undentand the fundamental nature of the physical 
umvene, it is to these small-scale phenomena that we must turn our 
attenaon Here the ulomate nature of dungs hes hidden, and what 
we are finding is waves 

In this way, we are beginning to suspect that we hve m a umverse 
of waves, and nothmg but waves. We shall discuss the nature of these 
waves bdow. At the moment it is enough to notice that modem 
saence has travdled very fiir fi:om the old view which regarded the 
umverse merdy as a coUecUon of hard bits of matter m which waves 
of radiaaon occasionally appeared as an madent And the next chap- 
ter will carry us &rther along the same road 



CHAPTER THREE 


MATTER AND RADIATION 

I N THE EARLY days ofsqence, die unquestioning acceptance of the 
law of causation as a guiding pnnaple in the natural world led to 
die discovery and formulation of laws of die general type “an as- 
signed cause A leads to a known ei^t B** For instancp. the addition 
of heat to ice causes it to melt, or stated m more detail, heat decreases 
the amount of ice m the umverse and mcreases the amount of water. 

Primitive man would become acquamted with this law very easily 
— he had only to watch the action of the sun on hoar frost, or the 
edect of the long summer days on the mountain glaaers. In winter 
he would notice that cold changed water back mto ice At a further 
stage It might be discovered that the re-frozen ice was equal m 
amount to the ongmal ice before melting It would dien be a natural 
inference that somethmg belonging to a more general category than 
either water or ice had remamed unaffected m amount throughout 
the transformation 

ice — ^ water — ^ ice. 

Modem physics is familiar with laws of this type, wbch it des- 
cnbes as “conservation laws ” The discovery we havejust attributed 
to primitive man is a special case of the law of conservation of mat- 
ter. The law of “conservation of X,** whatever X may be, means 
that the total amount of X in the umverse remains perpetually the 
same nodimg can change X into somethmg which is not X Every 
such law IS of necessity hypothetiml, what it actually eicpresses is that 
nothmg we have so br done has succeeded m changmg the total 
gynnnnt of X And if we have tned enough thmgs and ^ed every 
htnp, It IS legitimate to propound a law of conservation of X, at any 
rate as a workmg hypothesis 

At the end of l^t century, physical saence recognized three major 
conservation laws; — 

A the conservation of matter, 

B „ „ mass, 

C „ „ energy. 
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Otlier minor laws, such as those of the conservation of linear and 
angular momenta, need not enter our discussion, smce they are mere 
deductions from the three major laws already mentioned. 

Of the three major laws, the conservation of matter was the most 
venerable It had been imphed m the atomistic philosophy of Demo- 
critus and Lucretius, which supposed all matter to be made up of 
uncreatable, unalterable and mdestructible atoms It asserted that the 
matter content of the umverse remamed always the same, and the 
matter content of any bit of the umverse or of any region of space 
remamed the same except m so &r as it was altered by the mgress or 
egress of atoms The umverse was a stage m which always t^ same 
actors— the atoms— played their parts, diffeimg m disguises and 
groupmgs, but without change of identity. And these actors were 
endowed with immortahty 

The second law, that of the conservation of mass, was of more 
modern growth Newton had supposed every body or piece of sub- 
stance to have assoaated with it an unvarymg quantity, its mass, 
which gave a measure of its “mertia” or reluctance to change its 
motion If one motor car requires twice the engme power of another 
to give us equal control over its motion, we say that it has twice the 
mass of the latter car The law of gravitaaon asserts that the gravita- 
tional puUs on two bodies are m exact proportion to their masses, so 
that if the earth’s attraction on two bodies proves to be the same, 
their “masses” must be the same, whence it follows that the simplest 
way of measuimg the mass of any body is by weighmg it 

In the course of time, chemistry showed that the Lucretian “atoms” 
had no nght to their name (d-rt/tmv, mcapable of bemg cut). They 
proved not to be “uncuttable” at all, and so were henc^orth called 
* molecules,” the name “atom” being reserved for the smaller umts 
into which the molecules could be broken up. There are many ways 
m which molecules may be broken up and their atoms rearranged 
Mere conugmty widi other molecules may suffice, as for instan ce 
when iron rusts or aad is poured on to metal Molecules may also 
be broken up by burmng, explodmg, heatmg, or by the madence 
of hght For instance, if a botde of hydrogen peroxide is stood m 
a hght place, the mere passage of hght through the hqmd breaks 
up each molecule of hydrogen peroxide (HjOg) mto a molecule 
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of TOtec ^O) and an atom of oxj^ (O) When we take tlie 
code out of our botde we shall kar a “pop” caused by die escape 
of ^ oxygen gas, and £nd diat some of the hydrogen peroxide 
has been changed into water. Molecules of silver bromide are also 

r^ranged by the madence ofhghvthis change forming the basis of 
photography. 

Towards the end of the aghteenlh century Lavoisier beheved 
he had found that the total weight of matter remained unaltered 
throughout all the chemical changes at his command In due course 
the law of conservation of mass’* became accepted as an integral 
part of science We know now that it is not altogedier exact} the 
weight of the oxygen which escapes from our botde of peroxide, 
added to that of the flmd which remains, is sli ghtly greater than die 
weight of the onginal peroxide, and a photographic plate gams m 
weight by being exposed to the hght We shall see shordy that the 
law IS mexact because it neglects the weight of the h ght absorbed by 
the molecules of hydrogen peroxide or silver bromide. 

The third pnnaple, that of the conservation of energy, is the most 
recent of all. Energy can most m a vast variety of forms, of which 
the simplest is pure energy of motion— the motion of a tra m along 
a level track, or of a hilhard ball over a table. Newton had shown 
that this purely mechanical energy is “conserved.” For instance, when 
two bilWd balls colhde, the energy of each is changed, but die total 
energy of the two remains unaltered; one gives energy to the other, 
but no energy is lost or gamed m the transaction This, however, is 
only true if the balls are “perfeedy elastic,” an ideal cmidiaon m 
which the balls spnng back firom one another with the same speed 
with which they approached Under actual conditions such as occur 
m nature, mecham^ energy mvanably appears to be lost, a bullet 
loses speed on passing through the an, and a tram comes to rest in 
tune if the engine is shut off. In all such cases heat and sound are pro- 
duced. Now a long senes of mvestigations has shown that heat and 
sound are themselves forms of energy. In a classical senes of expen- 
ments made m 1840-1850, Joule measured the energy of heat, and 
tned to measure the energy of sound with the rudimentary appara- 
tus of a violoncello string. Imperfect though his expenments were, 
they resulted m the recogmtion of “conservation of energy” as / 
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a. pnndple wbch covered all kno-wn transformations of energy 
tbough Its various modes of medbanical energy, heat, soimd and 
dectncal energy. They showed in brief that energy is transformed 
rather than lost, an apparent loss of energy of motion bemg com- 
pensated by the appearance of an exactly equal energy of heat and 
sound, the energy of motion of the rushing train is replaced by the 
equivalent energy of the noise of the shnekmg brakes and of the 
heatmg of wheels, brake blocks and rails 

Throughout the second half of the mneteenth century these three 
conservation laws stood unchallenged. The conservation of mass was 
supposed to be the same thing as die conservadon of matter, because 
the mass of any body was regarded as the sum of the masses of its 
atoms, this of course explained simply— all too simply, as we now 
know— why total mass could not be altered by chemical action But 
the newly discovered prmaple of conservation of energy stood apart 
dom the two older laws, a thing by itself. The umverse was still 
envisaged as a stage m which the players were atoms, each of which 
conserved its identity and mass through all time To complete the 
picture, an entity known as energy was bandied about drom one 
player to another, and this, like the actors diemselves, was mcapable 
of either creation or annihilation. ^ 

These three conservation laws ought of course to have been treated 
merely as workmg hypotheses, to be tested m every conceivable way 
and discarded as soon as they showed signs of &hng Yet so securely 
did they seem to be estabhshed that they were treated as mdisputable 
umversal laws Nineteenth-century physicists were accustomed to 
wnte of them as though they governed the whole of creation, and 
on this basis philosophers dogmatized as to the fundamental nature 
of the umverse 

It was the calm before the humcane. The first rumble of the ap- 
proachmg storm was a theoretical mvestigation by Su: J J. Thomson, 
which showed that the mass of an electrified body could be changed 
by setting it mto motion, the fiisto: such a body moved the greater 
Its mass became, m opposition to Newton’s concept of a fixed un- 
alterable mass For the moment, the prmaple of conservation of mass 
appeared to have abandoned saence. 

For a time this conclusion remamed of merely academic mterest; 
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, it could not be tested observAtionally because ordinary bodies could 
neither be charged with suifiaent electnaty, nor set into motion 
with suffiaent speed, for the variations of mass predicted by theory 
to become appreciable in amount Then, just as the mneteenth ceti> 
tury was drawmg to a close, Sir J J. Thomson and his foUoweis 
began to break up the atom, which now proved to be no more un- 
cuttable, and so no more entitled to the name of “atom,** than the 
molecule to which the name had previously been attached They 
were only able'to detach small fb^ents, and even now the com- 
plete break-up of the atom into'its idtimate constituents has not been 
fully adnevcd These fragments were found to be all precisely simi- 
lar, and charged vwth negative dectnaty. They were accordmgly 
named “electrons ” 

These electrons arc frr more mtensdy dectnfied than an ordinary 
body can ever be A gramme of gold beaten, as thm as it vwU go, 
mto a gold leaf a yard square, can with luck be made to hold a diarge 
of about 60,000 electrostatic umts of dectnaty, but a gramme of 
electrons carncs a permanent charge which is about mne milhon mil- 
hon greater Because of this, and because electrons can be set 
mto motion by dectncal means with speeds of more than a hundred 
thousand i^es a second, it is easy to verify that an dectron’s mass 
vanes with its speed Exact expenments have shovm that the vana- 

non IS precisdy that predicted by theory 

Thanks mainly to the researches of Rudieiford, it has now bem 
established that every atom is built up entirdy of nega&vdy charged 
dectrons, and of positivdy charged partides called “protons , mat- 
ter proves to be nothmg but a collection of partides charged w 
dectnaty With one turn of the kaladoscope all the saences whi^ 
with the properties and structure of matter have become ramin- 
cations of the smgle sdience of dectnaty Before this, Faraday an 
Maxwell had shovm tmt all radiation was dectncal m its nature, ^ 
that the whole of physi^ saence is now comprised withm the smg e 

saence of dectnaty \ - 

Smee every body is a ^llecoon of dectncal charged pamdes, e 
theoretical mvestigationlalready mentioned shows that the mass o 
every movmg body musk vary with its speed of motion. The ma» 
of a movmg body may be' regarded as made up of two parts a 
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part which the body retains even when at rest, known as its “rest- 
mass,” and a vanable part which depends on the speed of its motion. 
Both observation and theory have shown that this second part is 
exacdy proportional to the energy of motion of the body, the masses 
of two electrons, or any two other bodies similar to one another, 
diSer to just die extent to which their energies differ 
In 1905 Emstem extended this mto a tremendous generahzation. 
He showed that not only energy of motion but energy of every con- 
ceivable kind must possess mass of its own, if it were not so, the 
theory of relativity could not be true. In this way every observa- 
tional test of the theory of relativity was made a witness to die truth 
of the hypothesis that energy possesses mass £mstem*s mvestigation 
showed that the mass of energy of any kmd whatever depends solely 
on the amount of the energy to which it is exacdy proportional It 
IS also exceedii^ly small. The Mauretania fully loaded, weighs about* 
50,000 tons, when she is travelhng at twenty-five knots, her motion 
only mcreases her weight by about a milhondi part of an ounce The 
energy that a man puts mto a long hfetune of heavy manual labour 
weighs only a 60,o!o0th part of an ounce 
This discovery made it possible to reinstate the pnnaple of con- 
servation of mass For mass is the aggregate of rest-mass and energy- 
mass, and as each of these is conserved separately (the former because 
matter is conserved, and. the latter because energy is conserved), there 
must be a conservation of total mass. Nmeteenth-century physics 
had regarded die conservation of mass as a consequence solely of the 
conservation of matter Twentieth-century physics discovered that 
the conservation of energy vras also mvolved, mass is now seen to be 
conserved only because matter and energy are conserved separately. 

So long as atoms were regarded as permanent and mdestructible 
—“die imperishable foundation stones of the umvcrse,” to use Max- 
well’s phrase— It vras natural to treat them as the fundamental con- 
stituents of the umverse The umverse was, m bnef, a umverse of 
atoms, radiation bemg of quite secondary importance Every now 
and then an atom was supposed to be set m vibration, as a bell is 
struck, and emitted radiation for a bnef time, as a bell emits sound, 
until it lapsed back to its normal state of qmescence But radiation 
was no more regarded as a primary constituent of matter than sound 
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is of a canllon of bdls Lia<katally this explains why it was found 
impossible to imagine how the sun could contmue to for 
thousands of millions of years or more. Sunlight was believed to be 
produced by the a^tation of atoms, but no one could imagine what 
maintained the a gitat ion. 

The scene began to change as soon as it was recognized that die 
atom was built up of electrified pamdes. For no matter how fir we 
retreat firom an electrified particle we cannot get outside the range 
of Its attractions and repulsions. This shows thatan dcctron in 

a certain sense at least, occupy the whole of space. Faraday and Max- 
well made the matter more expliat than this; they pictured an elec- 
trified particle as an octopus-hl^ structure, a small concrete body 
which threw out a sort of feelers or tentacles, called “lines offeree," 
throughout the whole of space. When two electrified pamdes at- 
tracted or r^elled one another, it was because had 

somdiow t aken hold of one another, and pndied or pulled. These 
tentades were supposed to be formed out of deettic and tnagntrrig 
forces, of which radiation is also formed. When an atom 
radiation it merdy discharged some of its tentades into space, much 
as a porcupine is said to throw out its quiUs. This conceptplacedradi- 
ation and matter in more intiinate rdations th^^ m ever before 

Since all types of radiation ate forms of energy, diey must, iu ac- 
cordance with Einstdn*s pzindpl^ cany mass associated with them. 
When an atom emits radiation, its mass diminishes by die mass of 
the emitted radiation, just as, if a porcupme were to throw out its 
quills, Its weight would diminish by the weight of die quills Thus 
when a piece of coal is burnt, its we^ht is not altogether reproduced 
m the ashes and the smoke; we must add to these the wei^t of the 
hght and heat emitted in the process of combustion. Only dien wiU 
the total he exaedy the weight of the ongmal piece of coal 

As fir bade as 1873, Ma^dl had shown t^t radiation would 


exert a pressure on any sutfice on which it fell We now regard this 
as a necessary consequence of the fict that radiation cames mass about 
with It, a beam of hght consists of mass moving with the speed of 
hght— -186,000 miles a second. Subsequendy lebedew observed tbis 
pressure, and Nichols found its amount to be that calculated by 
Maxwdl. A target could be seen to flinch under the impact of the 
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ladiation firom a bnght light, just as though a bullet had been fired 
into It. But the impact of such hght as we experience on earth is 
extremely slight; to see the fid! imphcations of ^e phenomenon we 
must leave the earth and the physics which has been developed m 
terrestnal laboratories, m fiivour of the sky and the wider physics 
which we see m operation m the colossal cruables of the stars Heat 
an ordinary six-mch camion ball up to 50 milhon degrees, which is 
the kind of temperature we eiqiect to find at the centre of the sun or 
of an average star, and the radiation it emits would suffice to mow 
down— by its mere impact, like the jet of water &om a fire hose — 
any one who approached within fifty miles of it Indeed inside the 
stars this pressure of radiation is so large that it supports an apprea- 
able fraction of the weight of the stars. 

Calculation shows that about a ten-thousandth of an ounce of sun- 
hght fiills every mmute on every square mile of land direcdy under 
the sun; it fitlls with the speed of hght, and m bemg brought to rest 
it exerts a pressure of about 0 000,000,000,04 atmosphere on the 
land The figures look absurdly simll— the weight of sunshine which 
falls m a century is less dian the weight of ram which falls m a fiftieth 
of a second of a heavy shower. Yet die amount is small only because 
a field a mile square is such a mmute objea m astronomical space. 
The total emission of radiation by the sun is almost exacdy 250 md- 
hon tons a minute, wbch is somethmg like 10,000 times the average 
rate at which water flows under London Bridge. And, inadentally, 
if our fiictor of 10,000 is wrong, it is not because we do not know the 
exact weight of solar radiation, but because we do not know the 
average flow of the Thames with very great precision Astronomical 
physics IS a fiuc more exact saence than terrestnal hydrauhcs. 

A certam weight of rachation faUs on to the sun &om other stars, 
but this IS quite mappreaable m companson with the weight of the 
.. radiation which streams out, so that the sun can only maintain its 
weight if actual matter is streammg mto it at the rate of dose upon 
250 milhon tons a mmute. 

As the sun journeys dirough space it must continually sweep op 
stray matter m the form of odd atoms and molecules, of dust partied^ 
and of meteors. These last are small sohd objects which exist in 
enormous numbers m the solar system, revolvmg around the sun m 
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orbits like those of the planets. Oarasionally they dash into die earth s 
atmosphere, when the air-resistance of dieir earthward fall raises 
' them to mcandescence, and they appear as shootmg-^tais Generally 
these dissolve into vapour before readung the eardi*s sui£ice, only 
occasionally is one massive enough to survive the dismtegrating effect 
of this air-resistance, and it then strikes die earth in the form of a 
stone, known as a meteonte. These are sometunes of enormous size. 
The M of a meteonte m Siberia in 1908 set up blasts of air which 
devastated the forests over an enormous area, while the shock of its 
impact on the sohd earth caused waves which were recorded thou- 
sands of miles away. And a vast crater-shaped depression m Arizona, 
three miles m circumference, is beheved to have been caused by the 
fall of a still larger meteonte m prebistonc tunes Yet such giants 
are rare, and the average meteor is a puny affair, generally no larger 
than a cherry or a pea. 

Shapley hu estimated that many thousands of milhons of shootmg- 
stars enter the earth’s atmosphere every day; eadi of these is turned 
into dust and vapour, and the earth’s weight is correspondin^y 
mcreased. An mcomparably greater number must 611 mto the sun, 
measured by milhons of milhons per second, and diese probably 
provide by far die largest contnbution to the sun’s bag of stray 
matter Yet Shapley estimates that the total weight of metconc matter 
filling mto the sun can hardly exceed 2,000 tons a second, which is 
less than a 2,000th part of the weight it loses by radiation. Thus it 
leffftms fi irly ccrtam that on die balance the sun must be losing weight 
at a rate of very near 250 million tons a minute, it is a wastmg struc- 
ture, gradually disappearing before our eyes, it is mdtmg away like 
an iceberg m the Gulf Stream And the same must be true of other 
stars 

Hus conclusion accords wdl with the general broad ficts of astro- 
nomy. Although there is no absolute proof, a large accumulanon of 
evidence goes to show that young stars arc heavier than old stars 
They are not heavier merely by a few milhon tons, but several urncs 
heavier— often 10, 50 or even 100 times heavier. By 6r the simplest 
cxplanauon is that the stars lose the greater part of their weight m 
die course of their lives Now a simple calculation shows that the 
sun, losing weight at a rate of about 250 milhon tons a mmute, wo 
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require millions of millions of years to lose the greater part, or even 
a considerable part, of its weight And, as other stars tell much die 
same story, we are led to assign h^es of milhons of milhons of years 
to the stars in general. 

We have other means of estimatmg the length of stellar hves. In 
particular, die motion of the stars m space proclaims their eictreme 
antiquity, and agaui assigns to them hves of milhons of milhons of 
years We have seen how far removed from one another m space 
the stars are— so far that it is very rare for two stars to approach 
each other at all closely. Yet if the stars have hved these tremendously 
long hves of milhons of milhons of years, each star ought to have 
oqienenced a number of fairly dose approadies. The gravitational 
pulls which the stars would exert on one anodier on these occasions 
would not generally be mtense enough to tear out planets, but would 
suffice to deflect the stars from their courses and change the speeds 
of dieir motions In the case of binary systems, which consist of two 
separate masses movmg through space in double harness hke a single 
star, the gravitational pull of a near star would re-arrange the orbits 
of the two constituents of the binary star. 

Now all these effects can be calculated in detail, so that we know 
cxacdy what to expect if die stars have really hved the terrifically 
long hves of miUions of milhons of years we are provisionally allot- 
ting to them Andeverydimgwelookforwefind Alltheantiapated 
d&cts are there, and, so as we can tell, their magnitudes mdicate 
that the stars have hved for milhons of millions of years. 

Against all this, there is evidence of another kmd, which seems to 
pomt to a very difierent condusion, and so must be discussed in some 
detail even though it is highly technical, and takes us mto the most 
difficult part of Ae difficult theory of relativity 

As we shall see m the next chapter, this dieory tells us diat spat^ 
itself IS curved, much m the same v^y m which the surface of the 
earth is curved. The curvature of space is responsible for the curving 
of rays of hght which is observed at a solar echpse, and for the 
curvahire m the paths of planets and comets, which we used to attn- 
bute to a “force” of gravitation On dus theory, the presence of 
matter does not produce “force,” which is an illusion, but a curvmg 
of space To co^ont our difficulties smgly, let us for the moment 
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suppose diRt the pieseuce of matter is the only cause of the bending 
of space. Then an empty univeise* totally devoid of matter, would 
have Its space enturely uncurved, because there would be no matter 
to curve it, and so would be of mfimte size As the umverse is not 
empty, its size will be determined by the amount of matter it con- 
tains. The more matter there is in the umverse, the mote curved 
space will be, the more rapidly it will bend back on itself, and as a 
consequ^ce the smaller the univose will be--just as a arde which 
curves rapidly is smaller than one which curves more gradually 
The well-known eicperiment of electrizing a soap bubble may 
make the concept dearer. A soap bubble, blown m the ordmary 
way, is allowed to rest on the plate of an dectncal machine As the 
marhme is worked, and the bubble becomes more and more hig^y 
charged with electnaty, its size mcreases steadily until finally it hursts 
Here (apart fi:om its final bursting) the soap bubble is analogous to 
the umverse, its size depends on the amount of dectnaty it cames, 
just as the size of the umverse depends on the amount.of matter it 
contains. And yet there are two essential difiEbrences The first is that 
a soap bubble has a certam curvature inhermt m its structure, so that 
it IS of defimte and fimte size, even when uncharged, the umverse, 
on the other hand, becomes infinite m size when it is empty of 
matter. The second is that maeasing the charge of dectnaty increases 
the size of the soap bubble, but mcreasmg the amount of matter 
decreases the size of the umverse — the more matter there is, the less 
space there is to hold it 

tried to obviate this last objection, as well as others, by 
twalfing the umverse more like the soap bubble. He imagmed it to 
have an inherent curvature, besides that produced by matter, of sudi 
a that Its size would increase if the amount of matter 

mcreased 

Even so, there is sull one outstanding difference. The gravitating 
tTiflgsftt in space all attract one another, but the dectnc charges on the 
' soap bubble repel one another, because they are all of similar dec- 
tnaty, whether positive or negative. As a consequence of tii^ the 
electrified soap bubble is a thoroughly stable structure Add a htde 
' more charge and it calmly adjusts itself to a new, slightly expanded, 
poation of equihbnum. Shake it, and, after tremblmg for a bit, it 
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settles down to rest again. But, just because of tbe di&rence between 
attraction and repulsion, a soap bubble charged with attracting matter 
would be unstable. The mathematiaan will see why this must be 
so And althoughitis along step j&om a two-dimensional soap bubble 
of hquid film to a universe, a recent mvestigatzon by a Belgian 
mathematiaan, the Abb6 Lemaitre, has shown that die analogy holds, 
ind that the kmd of umverse we have just been discussmg would be 
an unstable structure; it could not stay at rest for long, but would 
start at once to expand to infinite size or contract to a pomt. Hence 
the actual space of an aged umverse ought to be eidier expanding or 
contracting, and the vanous objects m it all rushmg away firom one 
another, or all rushmg towards one another, at a great rate. 

Lemdtre’s conclusions are based upon £instem*s concept of a 
umverse whose size, when at rest, depends on the amount of matter 
It contams Previously to this, however, a very difierent concept of 
the umverse had been put forward by Professor de Sitter, of Leiden. 
Like Einstem, he supposed the umverse to possess a certain amount 
of curvature, impressed upon it by the inherent properties of space 
and time. The presence of matter added an additional curvature, but; 
as matter is so sparsely dismbuted m the actual universe, tbs was 
insignificant m comparison with die curvature resulting &om the 
nature of space and time. When de Sitter studied the properties of 
his universe mathematically, he too found a tendency for its space to 
e3q)and or contract, and for all the objects in it either to dnfi apart or 
to rush towards one another. 

At first de Sitter’s concept of the umverse appeared to be entirely 
antagonistic to Binstem’s earlier concept, and madiematiaans were 
content to wait for something to decide between them. But 
Lemaitre’s work now shows that the two concepts are not so much . 
competitive as complementary. As Binstem’s unstable umverse 
expands, the matter m it becomes more and more sparse until it ends 
up as an empty universe of the kmd pictured by de Sitter. The 
umverses of Binstem and de Sitter may righdy be imagmed as placed 
at the two ends of a chain, but we shall go wrong if we imagine 
them engaged m a tug-ofwar. They merely mark the limits of pos- 
sible umverses, and a universe wbdi starts at or near the Bmstein 
end of the cham must gradually shp along die chain to the de Sitter 
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eadL OQi'tmivezse is built on these lines at alb the question *' 

us is not at wMdi end of the dbain it is, but how &r aioiig>the'dbaui' 
it has tcavdled. . '7 .,'i 

Ihe two ideal univexses at the two ends of the chain aze smdlaf in f 
that die objects in them must be eidher all rushing away &om ooe' 
anodher or else all rushing towards one another. is not only true 

at the two extreme ends of the chain, but all along the chain. If thb 
unxvezse is built m accordance widi the theory of rdadvity, as it 
almost certainly is, then the olyots m it most be running all^awi^' 
fiom one another or all towards one another. 

Ihese conclusions are of great interest, because it has for some 
years been remarked that the mnote spiral nebulse are, to all appear- 
ances, rushing away £bom the earth, and so presumably also horn 
one another, at temdSc speeds, which become greater and greater the, 
Either we recede mto space. The last nebula mvesdgated at Mount 
Wilson— one of the most distant which can be observed in the great 
100>indi telescope — ^was fiiund m be receding at the terrific speed of 
15,000 miles a second. Dr. Hubble and Dr. Humason, who have' 
a special study of the questum at Mount Wdson, find dbat 
speeds at whidi the individual nebulae axe zeceding finim us axe,^ 
roughly s piking, proportional to dieir distances fibom us, as they 
ought to be, if the cosmology of the theory of rdadvity is correct 
Ancbula whose hght takes ten nulhon years to reach us, has aspeed 
of about 900 nides a second, and the speeds of odier nebulae are, , 
approximatdy at least, proportional to thar distances. For instance, 
die light firom die nebulae shown m Plate I takes 50 milhon years to 
reach us, and the ndiulae show speeds of recession of about 4,500 

priiles a second. , 

The figures arc important, because if wc trace the implied 

nfhvlar motions backwards, wc find diat all the nebulae must 1^ 
been corgregated m the neighbourhood of the sun only a few 
thousands of millions of years ago. M dus goes to suggest ^ w 
axe hvmg in an expandiig uniycisc, wbch started to opand only 

a fisw diousands of milhons of years ago. ^ * 

If this were the whole story, it would be very difficult to assi^ ' 
ages of "lillinnc of milfions of years to the stats; this would imply . 
diat they had been packed dose togcdicr, or had been converging 
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into a small region of space, for millions of millions of years, and 
only just recently, durmg the last thousanddi part or so of their 
existence, had begun to scatter. If the supposed motions of recession 
ultimately prove to be real, it vnll hardly be possible to attribute an 
age of more than a &w thousands of milhons of years to the universe. 

But there is room for a good deal of doubt as to whether these 
huge speeds are real or not They have not been obtamed by any 
direct process of measurement, but are deduced by an apphcabon of 
what IS known as Doppler's prmciple. It is a matter of common 
observation that the noise emitted by a motor car horn sounds deeper 
in pitch when it is recedmg from us than when it is commg towards 
US On the same pnnaple the hght emitted by a receding body 
appears redder m colour than that emitted by a body approachmg 
us, colour m hght correspondmg to pitch m sound. By accurately 
measuring the colour of well-de£ned spectral hncs, the astronomer 
IS able to discover whether the body emittmg them is approachmg 
us or recedmg from us, and can estimate the speed of the motion. 
And the only reason for thinkmg that die distant nebulae are recedmg 
horn us IS that the hght we receive from them appears redder dian 
It ought normally to be 

Yet other dungs dian speed are capable of reddemng hght, for 
instance, sunhght is reddened by the mere weight of the sun, it is 
reddened still more by the pressure of the sun’s atmosphere; it is 
further reddened, although m a different way, m its passage through 
the earth’s atmosphere, as we see at sunnse or sunset The hght emit- 
ted by certam stan of a different kmd is reddened m a mysterious 
way we do not yet understand Furthermore, on de Sitter’s theory 
of the umverse, distance alone produces a reddenmg of hght, so that 
‘ even if the distant nebulae were standing still m space, their hght 
would appear unduly red, and we should be tempted to infer that 
they were recedmg from us None of these causes seems capable of 
explainmg the observed reddenmg of nebular hght, but qmte recendy 
Dr Zwicky, of the Cahfomialnstitute, has suggested that suUanother 
cause of reddenmg may be found m the gravitational pull of stars 
and nebulae on hght passing near them — ^ihe same pull as causes the 
observed bending of starhght at an echpse of the sun Compton’s 
experiments (p. 25) show that radiation is both deflected and red- 
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dened whoiitencouuters electrons inspace. ^VTlienradiationuiteracts 
gravitationally with stats or other matter m space, it is known to be 
deflected, and Zwidky*s suggestion is that it is reddened as well. 

To test this suggestion, ten Bruggencate has exammed die hgbt 
fl:om a number of globular dusters, all at about equal distances hom 
us, but so sdected that the amount of mtervenmg gravitational matter 
varied gready. The hght from these showed a reddening, and if this 
were caused by the expansion of space, it ought to have been the 
same for all the dusters. Actually it proved to be &r horn onifoim; 
'it was much mote nearly proportional to the amount of intervening 
matter, exacdy as required byxZwicky*s theory, and its actual amount 
agreed well enough with that predicted by the theoretical formula 
As we can hardly imagine that the globular dusters, which bdong to 
our own galactic system of stars, can be systematically running away 
flx>m us, the case for supposing that the spiral nebulae are ru nn in g 
away becomes very mu^ w^er, Zwidcy*s theory providing a 
possible explanation of the observed reddening of the hght 
Other Imes of evidence also suggest that the suspected rccesaon^ 
' of the nebula: may be spurious For instance, the l^t from die 
nearest nebulae is not redder but bluer than normal, and as hght can 
only be made bluer by an actual physical approadb, this can only 
mean that the nearest nebulae are actu^y commg towards us. More- 
over, the apparent speeds of the nebulae are by no means stticdy 
proportional to their distances, for instance, nebulae bcheved to be 
at the same distance of seven milhon li^t years diow demtions 
averagmg 240 miles a second out of total speeds of 640 miles a 

second 1 j 

Neverthdess, if the umverse is built m the way we have desenbeo, 

the nebulae as a whole must undoubtedly be running away from us, 
theoretical considerations demand tbs and cannot be satisfied wth 
anythmg less, but they do not tdl us the speeds of the nebular 
motions. The work of Zwicky and ten Bruggencate in no way 
throws doubt on there bemg a real motion of recession, wbat it lays 
open to doubt is whether tbs motion is the same as astronomers have 
deduced from the reddemng of the spectral hues Possibly most ot 
this reddenmg may be attributed to tbc effect su^csted by 
or to some siimlar cause, while only a small residual represents a 
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motion of recession It is impossible to determine the speed of this 
motion because the smaller effect is entirely masked by the greater. 

The question is still an open one, but if once it is accepted that the 
greater part of the apparent velocides of recession may be treated as 
spurious, the argument in &vour of short hves for the stars disappears, 
and we become &ee to assign to them the long hves of milhons of 
milli ons of years which the general evidence of astronomy seems to 
demand 

As we have already seen, this general evidence suggests that the 
sun has been pounng away mass m the form of radiation at a rate 
of 250 milhon tons a minute for apenod of some milhons of milhons 
ofyeais Detailed calculation shows that the new~bom sun must have 
had many times the mass of the present sun, m conformity with the 
general fact of observation that young stars are many tunes more 
massive than old stars In what form could it store aU the mass which 
has smce disappeared m the form of radiation? 

The rest-mass of an electron or other charged parbde is generally 
enormously greater than its energy-mass, the latter assummg its 
greatest importance at high temperatures Now the temperature at 
die centre of the sun is about 50 miUion degrees, and even here the 
rest-mass accounts for all but about one part m 200,000 of the total 
mass. It IS improbable that the new-born sun can have been much 
hotter than this, so that it seems likely that die greater part of the 
mass of the primeval sun also must have resided m its rest-mass If 
so, there is only one conclusion po^ible: die primeval sun must have 
contamed many more electrons and protons, and therefore many 
more atoms, tW now. These atoms can only have disappeared m 
one way diey must have been annihilated, and their mass must be 
represented by the mass of the radiation which the sun has emitted 
m Its long life of milli ons of milhons of years. 

This argument may be thought somewhat precarious, because it 
deals with concepts so &t out of the range of laboratory physics. 
Fortunately laboratory physics has quite recendy obtamed evidence, 
which, although &r fiism bemg absolutely conclusive, provides valu- 
able confirmation that this annihilation of matter is actually takmg 
place on a vast scale out in the depths of space. 

We could hardly expect to obtam direct evidence of the anmhila- 
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tion of matter going on m stellar intcnors, because the radiation 
produced m the process could only travel a very short distance before 
being absorbed by the substance of the star. This would be heated 
up, and the corresponding energy would ultimately be emitted by 
the star m the form of quite ordmary li ght and heat 
A mathematical analysis of the fa^ of astronomy suggests thaf 
the process of atomic a nn i hila tion would probably be spontaneous 
m the same way in which radio-active dismtegranon is spontaneous. 
If so, It would not be hmited to the hot intenois of stars, but ought 
to be m progress wherever astronomical matter exists in su£5iaent 
abundance. 


In Its simplest form the process would consist of the simultaneous 
.annihilation of a single electron and a single proton. We can picture 
It vividly if we thmk of these two charged particles rushing together 
under their mutual attraction with ever-increasing speed,until finally 
they coalesce, their electric charges then neutralize one another , and 
their combmed energy is set fiie in a single fla ^h of radiation — a 
“photon” of the kmd discussed on page 24 
We have already seen (p. 36) how mass is “conserved” when an 
atom emits radiation The atom parts with a certain amount of its 
mass, but this is not destroyed, it is earned away by the photon, and 
figures as the mass of the photon If a proton and dectron annihilate 
one another, the resulting photon must have a mass equal to the 
combmed masses of the proton and electron which have duappeated. 
Now die combmed mass of a proton and electron is known widi 
great accuracy, for it is exaedy equal to the mass of the hydrogen 
atom Thus if the annihilation of matter really occurs, photons of 
mass exaedy equal to that of the hydrogen atom ought to be travers- 
ing space m great numbers, and some of these ought to fall on the 
earth 


There may be even more massive photons than dns, for wc can 
imagme any kmd of atom bemg suddenly annihilated, and setting 
loose Its whole energy as a photon, whose mass would then be equal 
to that of die whole atom One possibihty is of speaal mterest 
Although wc bcheve that all matter is m the last resort built up of 
protons and electrons, there is a peculiarly compact structure of four 
protons and two electrons which may almost be considered as a new 
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and independent unit. It is conspicuous in die radiation emitted by 
radio-active substances, and is commonly knovm as an a-partide. 
The hebum atom, which is the next simplest atom after hydrogen, 
consists of an a-pamde with two dectrons revolving in orbital motion 
about it As an a-pamde has the same dectnc charge as two protons, 
it might undergo annihilation by coalescmg with two dectrons, m 
which event the resultmg photon would have the same mass as a 
hehum atom. 

Photons of either of these two kmds would have an mcomparably 
greater mass than the photons of any ordmary kmd of radiation, and 
so ought to be immediatdy recogmzable. Photons may be regarded 
as bullets, all travellmg with a uniform speed— -die speed of hght. If 
a number of bullets are discharged firom a gun with equal speeds, 
die more massive projectiles wdl have the greater capacity for domg 
damage, and so have the greater penetratmg power. It is the 
same with a mixed crowd of photons, the more massive photons 
have the greater penetrating power. There is a mathematical formula 
which enables us to deduce the penetratmg power of a photon from 
Its mass, and it shows that photons having the mass of atoms of either 
hydrogen or hehum ought to have tcmfic powers of penetration. 

We have already spoken of the highly penetratmg radiation, 
commonly called *‘cosmic radiation,” which falls on the earth from 
outer space, and is able to penetrate several yards of lead For a long 
tune it was not altogether dear whether this was a true radianon, or 
consisted of streams of electrons Ihe former alternative always 
seemed by frr the more probable, because electrons would have to 
move with almost unthinkably high energy to force their way 
through many yards of lead before bemg brought to rest 

The matter now appears to be setded. A shower of electrons, 
frllmg on to the earth from outer space, would become entangled 
in die earth’s magnetic freld, and this would influence its motion. If 
the dectrons were moving fiist enough to have the observed pene- 
trating power of cosmic radiation, calculation shows that almost the 
whole stream would be deflected from its course, and strike the earth 
near to one or other of its magnetic poles No Sudi prefrrence is 
shown by the cosmic rays; different observers, workmg at diffe r e nt 
parts of the earth s surfree, find that the rachation has the wmi* 
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intensity everywhere. For instance, the Bntish Austrahan and New 
Zealand Antarctic Expedition found the same intensity within 250 
miles of the south magnetic pole as other observers had found in 
regions remote from the poles. This makes it reasonably certam that 
the “cosmic radiation’* is true radiation, and not merely a shower of 
electrons. This being so, we can deduce the mass of the photons of 
the radiation firom then observed penetratmg power by the use of 
the formula already mentioned 

The penetratmg power of this radiation has been studied with 
extreme care and skill by Prof^or Millikan and his colleagues at 
Pasadena, by Professor Eegener of Stuttgart, and by many others 
They all find that the radiation is a mixture of a number of constitu- 
ents of very different penetratmg powers, or, what is the same thing, 
a mixture of photons of different masses Now it seems highly sigm- 
ficant that the two ingredients of highest penetrating power consist 
of photons whose masses are, as nearly as we can tell, equal to the 
masses of the hehum atom and the hydrogen atom respecnvely, m 
other words they are just the type of photons we should expect to 
find if, somewhere out m the far depths of space, protons and 
a-particles were bemg annihilated, the former m conjunction with 
the smgle electrons nc^ed to neutralize their chai^, and die latter 
m conjunction with the pairs of electrons needed for the same pur- 
pose 

It must be explamcd that the masses of the photons cannot be 
measured with absolute precision, so diat it cannot be cbimcd with 
certamty that they are absolutely and precisely those to be expected 


as observation perimts, m each case there is agreement to withm 
about 5 per cent, and the penetratmg power of the radiation can 
hardly be measured more closely than this Such an agreement is too 
good to be dismissed as a mere comddcnce, so that it seems highly 
probable that this radiation has its ongm m the actual annihilation 
of protons and dcctrons. , 

Nevertheless, the matter is not yet beyond controversy, and the 
view I have just stated is not umvetsally accepted by ph^asts. 
Professor Millikan, m particular, has suggested that cosmic radiation 
may onginatc m the process of bmldmg up heavy atoms out ot 
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' Simpler light atoms, and so interprets it as evidence that “ the aeator 
' is on the joh.” To take the simplest illustration, a hehum atom 

contams exactly the same mgredients as four hydrogen atoms — 
namely, four electrons and four protons— but its mass is only equal 
" to that of 3 97 hydrogen atoms. Thus if four hydrogen atoms could 
somehow he hammered together to form a hdium atom, the super- 
fluous mass, that of 0*03 hydrogen atoms, would take the form of 
radiation, and a photon wi^ 3 per cent of the mass of die hydrogen 
atom might be discharged We cannot say it would be discharged, 
because if ever four hydrogen atoms fall together to form a helium, 
atom, it seems hkdy that ^e process would occur in several stages, 

' and so would result m the emission of a number of small photons 
rather than of one big one Yet ev^ if the whole of the hberated 
energy were to form one big photon, this would have less penetrat- 
. ii^ power than the actual cosmic radiation If, however, 129 atoms 
of hydrogen were to M together and form a smgle atom of x^on 
by one huge cataclysmic disturbance, the single photon emitted m 
the process would have about the same mass as the hydrogen atom, 
and so would have something like the same penetrating power as 
the second most penetratmg constituent of actual cosmic radiation. 
On dus view of die ongm of the radiation, die less penetratmg 
constituents can be very readily and naturally explained as onginat- 
ing out of the synthesis of atoms less complex than xenon On the 
other hand, the most penetrating constituent of all seems to present 
a quite insuperable di£Sculty. hf its photons ongmate out of the 
hammering together of hydrogen atoms to flirm a smgle huge atom, 
this atom must needs have an atomic weight m die neighbourhood 
of 500, which seems beyond the bounds of probabihty. It seems 
almost equally improbable that the second most penetratmg con- 
stituent should be produced by the synthesis of atoms of xenon or 
other element of similar atomic wei^t, smce all such atoms are of 
extreme ranty. Whatever the ongm of the less penetratmg con- 
stituents, the two most penetrating constituents can hardly, I think, 
be attributed with much plausibihty to any other source than 
annihilation of matter. 

The amount of this radiation which &ils on the earth is tremen- 
dous Millikan and Cameron have estimated it at about a tenth of 
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the total radiation received h:om all the stars in the sky, the sun of 
course excepted. Out in the depths of space, beyond the Milky Way, 
the bghly penetrating radiation must still be about as plentiful as it 
is at the earth’s surface, but starl^ht is less plentiful, so that, on 
taking an average through space as a whole, this highly penetrating 
radiation is probably the commonest kind of radiation 
Its vast amount is ei^lamed m part by its high penetrating power, 
which almost endows it with immortality An average beam of the 
radiation travellmg through space for milhons of milhons of yean 
will not encounter matter to absorb it to any appreciable extent 
Thus we must think of space as beiag drenched with almost all the 
cosmic radiation which has ever been generated smce the world 
began Its rays come to us as messengers not only from the ^thest 
depths of space, but also from the &rthest depths of time And, if we 
read it anght, their message seems to be that somewhere, sometime, 
m the history of the umverse, matter has been annihilated, and this 
not m tiny, but m stupendous amounts 
If we accept the astronomical evidence of the ages of the stars and 
the physical evidence of the highly paietratmg radiation as jomdy 
establishing that matter can re^y be annihilated, or rather trans> 
formed mto radiation, then this transformation becomes one of die 
fundamental processes of the umverse. The conservation of matter 
disappears entirely from saence, while the conservation of mass and 
of energy become idenncal Thus the three major conservation laws, 
those of the conservation of matter, mass and energy, reduce to one 
One simple fundamental ennty which may take many forms, mat- 
ter and radiation m particular, is conserved through all changes; die 
sum total of this entity forms the whole activity of the umverse, 
which does not change its total quantity But it contmually changes 
Its quahty, and this change of qi^ty appears to be the mam opera- 
tion gomg on m die umverse which forms our material home The 
whole of the available evidence seems to me to mdicate that the 
change is, with possible insignificant excepnons, for ever m the same 
direcnon— for ever sohd matter melts mto msubstantial radiation: 
for ever the tangible changes into die intangible. 

These concepts have been discussed at some length because they 
obviously have a very spcaal bcarmg on the fundamental structure 
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of die universe. In the last chapter we saw how the wave-mechanics 
reduced the whole umverse to systems of waves. Electrons and pro- 
tons consisted of waves of one l^d; radiation of waves of a diiBferent 
Iniifi The discussion of die present chapter has suggested that matter 
and radiation may not constitute two distmct and non-mterchange- 
able, forms of waves. The two may be mterdbangeable, one 
passmg mto the other as the chr^ahs passes mto the butterfly— to 
which, as we shall see below (p. 101}, some scientists might think 
It necessary to add “and as we can imagine die butterfly to pass back 
mto the duysalis ** 

This does not of course mean that matter and radiation are die 
same dung. The transformation df matter into radiation stdl means 
somedung, although the concept now looks mcomparably less revo- 
lutionary than It looked when flrst I advanced it twenty-six years 
ago Even if we knew all the fltcts with certainty, which we do not, 
It would be difficult to express the situation accurately m non-techni- 
cal language, but possibly we may come ffiirly near to the trudi if we 
think of matter and radumon as two kmds of waves— a kind which 
goes round and round m ordes, and a kind which travels m straight 
hues. The latter waves of course travel widi the veloaty of hght, 
but those which constitute matter travel more slowly. It has even 
been suggested, by Mosharxaffi and others, that this may express the 
whole difference between matter and radiation, matter bemg nothing 
but a sort of congealed radiation travelhng at less than its normal 
speed. We have already seen (p 28) how the wave length of a mov- 
mg particle depends on its speed Ihe dependence is such that a par- 
tide travdlmg with the spe^ of light would have preosdy the same 
wave lergth as a photon of equal mass This remarkable ffict, as vrall 
as others, goes a long way towards suggestmg that radiation may 
ulumately prove to be meidy matter movmg with the speed of hght, 
and matter to be radiation moving with a speed less than that of 
hght But saence is a long way firom this as yet 
To sum up the main results of this and the precedmg chapter, the 
tendency of modem physics is to resolve the whole material umverse 
into waves, and nothmg but waves. These waves ate of two kmds; 
botded-up waves, which we call matter, and unbotded waves, which 
we call radiation or hght. The process of annihilation of matter is 
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tnerely that of unbottlmg impnsoned wave-energy and setting it fiee 
to travel through space. Thi^ concepts reduce the whole universe 
to a world of radiation, potential or eidsteut, and it no longer seems 
surprising that the fundamental partides of which matter is bmlt 
should e^bit many of the properties of waves. 



CHAPTER FOUR 


RELATIVITY AND THE ETHER 

W E HAVE SEEN how modem physics reduces the universe to 
systems of waves. If we iSnd it hard to imagine waves unless 
they travd through somethmg concrete, let us say waves in an ether 
or ethers 1 beheve it was the late Lord Salisbury who defined the 
ether as the nominative of the verb "to undulate.” If this definition 
will serve for the moment, we can have our ether without commit- 
ting oundves very fiir as to its nature And this makes it possible to 
sum up the tendency of modem physics very condsdy: modem 
physics IS pushmg the whole umverse mto one or more ethers. It will 
be well, then, to scmtinize dbe physical properties of these ethers 
with some care, smce m them the trae nature of the umverse must 
be hidden. 

It may be well to state our conclusion m advance. It is, in brieC 
that the ethers and their undulations, the waves which form the uni- 
verse, are m all probabihty fictitious. This is not to say dbat they have 
no odstence at all* they exist in our mmds, or we should not be dis- 
cussmg them; and somethmg must exist outside our minds to put 
dus or any odier concept mto our minds. To this so me thin g we may 
temporarily assign the name "reahty,” and it is this realify which it 
is the object of science to study But we shall find that this reality is 
somethmg very difierent &om what the saentist of fifiy years ago 
meant by ether, unduUtioiis and waves, so much so that, judged by 
his standards and speakmg his language fi>r a moment, the ethers and 
their waves are not reahties at alL And yet diey are die most real 
things of which we have any knowledge or experience, and so are 
as real as anythmg possibly can be fi>r us. 

The concept of an ether entered science so me two ren times ago or 
more. When the known properdes of gross matter fbled to explain 
a phenomenon, saentists met the difficulty by creating a hypotheti- 
cal all-pervadmg ether, to which they attributed exactly the proper- 
ties necessary to provide an eiqplanation. There was of course a special 
temptation to resort to this procedure m problems which appeared 
to call for *‘action-at-a-distance ” It is, on the fiice of it, such good 
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sound sense to assert diat matter can only act where it is, and cannot 
possibly act where it is not, that he who argues to the contrary can 
hardly hope to carry the majonty of his fellows with him. Descartes 
had gone so far as to argue that the hare existence of bodies separated 
by distance was a suffiaent proof of the existence of a medium 
between them. 

Thus when no gross material was present to transmit a mechamcal 
action, such as that exerted by a magnet on a steel bar, or by the 
earth on a fallmg apple, the temptation to mvoke an all-pervadmg 
ether became well-mgh irresistible, and what may be called the eth^- 
habit mvaded saence So that, as Maxwell expressed it: “Bthers were 
mvented for the planets to swim in, to constitute electric atmospheres 
and nu^etic effluvia, to convey sensations 6:0m one part of our 
body toanother, tillallspacewasfflledseveral tunes over with ether ” 
In the end there were almost as many ethers as unsolved problems m 
physics 

Fifty years ago only one of these ethers survived m senous saen- 
nfic thought— the luminiferous ether, which was supposed to trans- 
mit radiation The properties it needed to fulfil this funcuon had 
been defined with ever-mcreasmg precision by Huyghens, Thomas 
Young, Faraday and Maxwell It was thought of as a jelly-hke sea 
through which waves could travel, just as vibrations or undulations 
travel through a jelly. These waves were radiation which, as we now 
know, can take any one of the many forms of hght, heat, infia-red 
or ultra-violet radiation, electromagnetic waves. X-rays, y-rays and 
cosmic radiation. 


The astronomical phenomenon of the “aberration of hght,” as 
well as a number of others, show that, if such an ether exists, the 
earth and all other moving bodies must pass through it without dis- 
turbmg it Or, if we take our position on the earth and study the 
phenomena from that standpomt, the ether must pass through the 
mtersnces of the earth and other sohd bodies without hmdrance— 


“like the wmd through a grove of trees,” to borrow the &mous but 
inadequate simile of Thomas Young. It is madequate because wmd 
does in actual fiict afflect trees; the motions of their leaves, twigs and 
branches give some indication of its strength But it can be shown 
that motion through the ether cannot m the least degree disturb sohd 


I 
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bodies which are at rest on the earth, or aSkct their motions if they 
are moving; we need not add ether-resistance to air-resistance in dis- 
cussmg what prevents our motor car makmg better speed. 

Thus, if an ether exists, it is all the same whether the ether-wmd is 
blowmg past us at one mile an hour or a thousand miles an hour. 
This IS in accordance with a dynamical prinaple which Newton had 
enunaated m his Prinapia : — 

coaoiiARY v* The motions of bodies mdoded m a given space are the 
same among diemselves, whedier that space is at test, or moves uniformly 
forwards m a nght Ime without any circular motion. 

Newton contmues : — 

/ 

A dear proof of whidi we have fixim the ei^enment of a ship, where all 
motions happen after die «tnie manner whether the ship is at rest, or is earned 
uniformly forward m a nght hne. 

This general principle shows that no experiment performed on 
board ship and confined to the sbp alone can ever reveal the ship’s 
vdoaty through a still sea. Indeed it is a matter of common observa- 
tion that m calm weather we cannot even tell m which direction a 
ship IS movmg without looking at the sea. 

If the edier-wmd had affected terrestrial bodies, the disturbance it 
created would have given an indication of the speed widi which it 
was blowmg, just as the motions of the twigs of trees give an indica- 
tion of ordinary wmd-veloaty. As thmgs are, it is necessary to resort 
to other methods 

Although an ocean traveller cannot determine die speed of his ship 
by any observation which is confined to the ship, he can easily do so 
if he IS firee to observe the sea as well If he drops a hne and sounding- 
lead mto the sea, a circular npple will spread out; but every sailor 
knows that the point at which the hne enters (he water not 
remam at the centre of this circle. The centre of the circle stays fixed 
m the water, but the pomt of entry of the line is dragged forward by 
the motion of the ship, so that the rate at whuh the pomt of entry 
advances from the centre of the circle will disclose the speed of the 
ship through the sea 

If the earth is ploughmg its -way through & sea of ether, an experi- 
ment conceived on similar hues ought to reveal the speed of its pro- 
gress. The fomous Michdson-Morley experiment was designed to 
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predsdy this end. Our earth was the ship, and the physical labora- 
tory of the University of Cleveland (Ohio) was the point of entry of 
the lead into the sea. The dropping of the lead was represented by 
the emission of a hght-signal, and it was supposed that the hght- 
waves which constituted this signal would make ripples on the sea of 
ether. 



Light fiom a souxce IS projected on to a hal&silveied minor O, so that half 

is reflected along OB and the test continues along OC, of lei^ equal to OB, 
actually about 12 yards Mirrors at B and C reflea the hght bade to O, and 
half of each beam then passes into a small tdeset^eD The amount by which 
one lags bdund the other is compared with the lag when the whole apparatus 
has been turned through 90**. procedure diniinates any error caused by 
OB and OC bemg ^ghdy different m length 
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The progress of the npples could not be followed direcdy, but 
sufiSdent information codd be obtained by arranging for mirrors to 
reflect the signal back to the stardng-pomt This made it possible to 
in eflfcct the time which die hght took to p^orm the 


double journey to and &o. If the earth were standmg s&Um the ether, 
the tune of a double journey of given length would of course always 
be the same, regardless of its direction m space. But if the earth were 
moving through a sea of ether m an easterly direction, it is easy to 
see that a double journey, first fiom east to west and then &om west 
to east, ought to take shghdy more tune than one of equal length in 
north*sou& and south-north directions. No more recondite prind- 


ple IS involved than m the common eicpenence that it takes longer 
to row a boat 100 yards up-stream and 100 yards down-stream than 
to row 200 yards across the stream; in the former case we go slowly 
up-stream, and come qmddy down-stream, but the gain of tune in 
rowing down with the current is not sufEdent to make good the 
time previously lost in rowing up agamst die currenL If two oars- 
men of equal speed set out simultaneously to row die two courses, 
the aoss-stceam rower will arrive first, and the difference between 


dieir tunes of amval will disdose die speed of the current It was 
antiapated that, inpreasdy the same way, the di&rence in the tunes 
taken by the two beams of hght in the Michelson-Morley expen- 
ment would disdose the speed of the earth’s motion through the 
ether. 


The experiment was performed many times, but no tune-di^- 
ence at all could be detected. Thus, on the hypothesis that our earth 
was surrounded by a sea of ether, the ei^enments seemed to show 
that its speed of motion through this sea of ether was zero. To aU 
appearances, the earth stood pecmanendy at rest m the ether, while 
the sun and the vdiole of creation circled round it; the experiments 
seemed to bring back the geocentnc universe of pre-Copemican 
days. Yet it was impossible that this should be their true interpreta- 
uon, for the earth was known to be moving round the sun at a speed 
of nearly twenty miles a second, and the experiments were sensitive 
enough to detect a speed of one-hundredth part of this. 

Fitigeiald m 1893 and Lorentz independently m 1895 suggested 
an alternative mterpretation. The expenmenters had in eflhct tned to 
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make two mys of ]%h.t tnvel dmultaneously to and fro over wo ' 
courses of equal length, ^thout losing anything of the essence'^m/ 
the experiment, we may imagine that the lengths of the two ebux^ ' 
had been measured or compared by ordinary measuring iods--£)ot-.' 
rules, if we like. Bbw was it known, Fitzgerald and Lorentz adoed, 
that riiese tods, or the course laid out by diem, retained their exact 
lei^jth while they were moving foiward through a sea of edict? ' 
When a ship moves through the ocean, the pressure of the sea on its > 
bows causes it to contract its length; it is, so to speak, squeezed up a 
litde bit— a mmute fraction of an inch— between the sea trying to 
hold its bows back and its screw trying to pudi its stem forward, hi 
the same way a motor car moving through the air contracts as it is 
squeezed between the backward pressure of the wind on its wind- 
screen, and the forward drive ofits rear wheels. If die apparatus used 
by Michelson and Motley contracted in the same way, the up-and- 
down stream course would always be shorter than the cross-stream 
course. This reduction of length would do somediing to compensate 
for the other disadvantages of the up-and-down stream course. A 
contracdon of exaedy the nght amount would compensate frr diem 
completely, so that this and die cross-stream course would require 
precisely equal tunes. In this way, Fitzgerald and Lorentz sugg^ted, 
it might be possible to account for the ml result of the expenmeat. 

The idea was not wholly frndfrd or hypothetical, for Lorentz 
showed very sboidy afrerv^ds that the dectto-dynamical theory 
then cunent demanded that just such a contraction should actually 
occur. Although the contraction was not altogether analogous to 
those of ships or motor cars, these give a good enough idea of the 
mechanism involved. Actually Loraitz showed that if matter were 
a purely electrical structure, consisting solely of electrically charged 
parddes, motion through the ether would cause the parddes to re- 
a^ust their positions, and they would not come to relative rest ^;am 
until the body had contracted by a certam calculable amount And 
this amount proved to be pieasdy that needed to account for the 
ml result of foe h^chdson-Morley experiment 

Has not only explained, fully and completdy, why foe Mithd- 
son-Moiley experiment had frded, but it further foowed that every, 
matenai measuring rod wotdd necessarily contract just sufSaendy to 
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conceal the earth’s motion through the ether, so that all similar ex- 
periments were doomed to hulure in advance But other types of 
m pi l silring rods are known to saence; beams of hght, electnc forces, 
and so on, can be made to span the distances from pomt to pomt^ 
and so provide the means for measunng distances It was thought 
jthat where material measunng rods had huled, optical and electrical 
measuring rods might succeed. The trial was made, repeatedly and 
in many forms— the names of the late Lord Rayleigh, of Brace and 
of Trouton are eminent m this connexion And every tune it foiled. 
If the earth had a speed x through the ether, every apparatus that the 
wit of man could devise confused the measurement of x by addmg a 
spunous speed exacdy equal to -x, and so reiteratmg the apparent 
zero answer of the ongn^ Michdson-Morley experiment 

The upshot of many years’ arduous expenmentmg was that the 
forces of nature seemed without otception to be parties to a per- 
fectly organized conspuacy to conceal the earth’s motion throu^ 
the ether. This of course is the language of the layman, not of the 
mm of science The latter prefers to say diat the laws of nature make 
It impossible to detea the earth’s motion through the ether The 
philosophical contents of the two statements are precisely identical 
La the same way the unsaentific inventor may exclaim in despair 
that the forces of nature are m a conspuracy to prevent his perpetual 
motion machme from workmg, while the saentist knows that the 
obstacle is a for more senous bamer than a conspiracy; it is a natural 
law And so, again, the zealous but unenhghtened social reformer 
and the ignorant pohuaan are alike apt to see conspiraaes of the 
deepest dye behind the operation of those econonuc laws which 
make it impossible to extraa a quart out of a pint pot 

In 1905 Emstem propounded the supposed new law of nature m 
the form “Nature is such that it is impossible to deteimme absolute 
motion by any experiment whatever.’’ It was the first formulation 
of the prmaple of relativity. 

Oddly enough, it was a reversion to die thought and doctrine of 
Newton In his Pnnapta, Newton had written 

It IS posable tliat in the remote regions of the fiiKd stais or perhaps &x 
beyond diem, there may be some body absolutely at rest, but impossible to 
know, from the positions of bodies to one another in our regio ns , whether 



60 THE MYSTERIOUS UNIVERSE 

any of tihese do not keq> die same posiHon to that xemote body It follows 
diat absolute rest cannot be determined &om the poatton of bodies in our 
legions 

He had qualified dus hy adding 

I have no regard m this place to a medium, if any sudi there is, that fisdy 
pervades the interstices between the parts of bodies 

In other words, Newton had realized that without an all-pervading 
edier, it would he impossible to deterpune the absolute speed of 
motion through space, and had also seen that such a medium would 
provide an unmoving standard by le&ience to whidi the motions 
of all bodies could be measured. 

The two intervenmg centimes had seen science busily engsged m 
discussing the properties of this supposed medium, and now Emstein 
at one blow depnved it of its most important property of all, that of 
providing a standard of rest, by reference to which the true speed of 
any motion could be measur&l. 

Emstein’s piinaple can be stated m another way, which makes its 
significance stand out more clearly. Astronomy has so fer felled to 
discover Newton’s body absolutely at rest “in the remote regions of 
the fixed stars, or perhaps fiu: beyond them,” so that rest and motion 
are still merdiy relative terms A ship which is becalmed is at rest only 
m a relative sense— relative to the earth; but the earth is m motion 
relative to die sun, and the ship with it If die earth were stayed in its 
course round the sun, the sbp would become at rest relative to the 
sun, but both would still be moving through the surrounding stars 
Check the sun's motion through the stars and there still remains the 
motion of the whole galactic system of stars relative to the remote 
nebulae And these remote nebulae move towards or away fiom one 
another with speeds of hundreds of miles a second or more, by gomg 
ferther mto space we not only find no standard of absolute rest, but 
encounter greater and greater speeds of motion Unless we have an 
all-pervadmg ether to guide us, we cannot even say what we mean 
by absolute rest, still less can we find it Einstein’s prmaple now tells 
us that, so fer as all the observable phenomena of nature are con- 
cerned, we are ficee to define “absolute rest” m any way we please. 

It IS a sensational message. We have a perfect nght to say, if we so 
choose, that dus room is at rest, and nature will not say us nay If the 
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earth has a speed of 1,000 miles a second through the ether, then we 
must suppose that the ether is blowing through this room “hke the 
wind throu gh a. grove of trees,” at 1,000 miles a second. And the 
prmaple of relativity assures us that all die phenomena of nature m 
this room are absolutely unaffected by diis 1,000 miles-a-second 
wmd, and would mdeed bejust d^ same if the wind blew at 100,000 
tniles a second-~or indeed if there were no wind at alL 

It is not surprismg or even novel diat all mechanical phenomena, 
which have nothmg to do with the supposed ether, should be the 
same; we have seen how this was known to Newton. But if an ether 
really exists, it seems imaging diat the phenomena of optics and of 
diectnaty should be the same whether the ether which propagates 
^em is standmg sdll or blowing past and through us at thousands of 
miles a second. It quite mevitably raises the questions as to whether 
the ether, whose blowmg is supposed to cause die wind, has any 
existence, or is a mere fiction of our imagmation. For we must always 
remember that the existence of the ether is only an hypothesis, intro- 
duced mto science by physicists who, takmg it&r granted that every- 
dung must admit of a mechamcal eiqplanation, argued that there 
must be a mechamcal medium to transmit waves of light, and all 
other eiectcical and m^ebc phenomena. 

To justify their behef, they had to show that a system of pushes, 
pulls and twists could be devised in the ether to transzmt all the 
phenomena of nature dirough space and dehver them up at the &r 
end exacdy as they are observed-~much as a system of bell-wires 
transmits mechanical force &om a bell-pull to a bell The requisite 
system of pushes, pulls and twists was found m time, but proved to 
be exceedingly comphcated. Perhaps this was not suipnsmg; the 
ether had not only to transmit the observed efiects, but to conceal its 
own existence while so doing. It could hardly be a simple matter to 
arrange that one smgie mechanism should transmit precisely the 
same phenomena whedier the expmmenter sat at rest or d^hed 
through the ether at 1 ,000 miles a second while conducting his experi- 
ments. And, m pomt of hict, die mechanism thus devised proved to 
be open to the &tal objection that it could only make the two sets of 
phenomena the same by postulating two distinct mechanisms m 
two cases. 
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We can illustrate the objection by discussmg a simple phenomenon 
in detail Accordmg to this scheme of ethereal transmission, charging 
a body with electnaty sets up a state of stram m the surrounding 
ether, just hke forcing a foreign body mto a sea of jelly. When two 
bodies bodi at rest m the ether are charged with similar electnaty, 
they repel one another, and their repulsion is supposed to be trans- 
mitted through the pressures which this state of stram establishes m 
the ether. 


Suppose, however, that the two charged bodies, instead of bemg 
at rest m the ether, are moving dirough it widi precisely die same 
speed of, say 1,000 miles a second from east to west. As the bodies 
are sdl at rest relatively to one anodier, the pnnaple of relativity 
shows that the observable phenomeim will still be precisely the same 
as when they were both at absolute rest m the ether. But a qmm 
diderent mechanism produces the phenomena m this second case. 
Part of the repulsion is still the result of a stramed state of the ether, 
but not all The remamder is due to magnetic forces, and these can^- 
not be explamed as pressures or tensions m the ether, but have to be 
attnbuted to a comphcated system of cyclones or whirlwmds 
More comphcated electromagnetic phenomena are m general pro* 
duced by a combination of electnc and magnetic forces, and the two 
lands of mechanism enter m diSerent proportions with dif^rent 
speeds of motion through die ether. Thus the attempt to find a 
mediamcal eacplanation of these phenomena mvolves die need for 
two distinct mechanisms to produce identically the same phenome- 
non It has yet to be shown that any conceivable ether can accom- 
modate both these mechanisms. But even if this could be proved. 


such a duahty m the mechanism required to produce a smgle observ- 
able phenomenon is so contrary to the usual workmgs of nature that 
we cannot but feel that we are on the wrong tradk. Newton’s theory 
of gravitation would have had h^e chance of acceptance if it had 
postulated a dual mechanism to ^lam why an apple fell fi:om a 


tree, addmg that one operated m summer and the other m autumn. 

Newton himself laid stress on die necessity for avoiding duphcate 
mechanisms of this kind. His Principia contains a set of ’’Rules of 
Reasomng m Philosophy,” of whidi the first two read as 


follows .— 
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SUIB 1 

We ate to admit no more causes of natural dungs than sudi as ate both 
tiue and suffiaent to explam thar appearances 
To this putpose the philosophers say that Nature does nothmg m vam, and 
pinre IS m yarn when less wdl serve, for Nature is pleased with simphaty, 
and affects not die pomp of superfluous causes 


BULB n 

Therefore to the same natural effects we must, as as possible, assign the 
same causes 

As to respiration m a man and m a beast, the descent of stones m Europe 
and Amenca, the hght of our culinary Are, and of the sun, die rejection of 
hgjht m the eardi, and in the planets 


There is, however, a stronger case than this against supposing die 
luminiferous ether to transmit radiation and electncal action. 

We have seen how electnaty, magnetism and hght all seem to be 
m a conspiracy to prevent our detecting motion through die ether, 
but gravitation remains, this has always stood apart from the other 
phenomena of physics, and has seemed to be of an entirely diflferent 
nature. Now the law of gravitation mvolves the idea of distance; it 
asserts that the gravitational forces between two bodies depend on 
their distance apart, and so are equal at equal distances Thus, in 
theory at least, die law of gravitation provides a measuring rod for 
the measurement of distances 

An ether which transmits electncal action can hardly transmit 
gravitational action as well, smce all the properties with which we 
can endow it are used up m accounting for its transmission of electnc 
and in^etic forces The measurmg rod which the law of gravita- 
tion provides may therefore be expected to be immune &om the 
Btzgerald-Lorentz contraction, and with such a measurmg rod at 
our disposal we ought to be able to measure the earth’s veloaty 
through space. 

Let us examme the possibihty in terms of the sunplest possible coi> 
Crete case Let us idealize our earth, and dunk of it as a perfect globe 
As every pomt on its surface is now at the same distance from its 
centre, fhe force of gravity will be the same at all If this idealized 
earth is now set m motion through the ether with a speed of 1,000 
miles a second, the ordinary Rtzg^ald-Lorentz contraction would 
cause Its diameter to dinnk by about 600 feet m the direction of 
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mobon, and,as the points at tlie end of this conttacted diampjiw are 
now nearer to the earth’s centre than other points on the earth’s sur- 
&ce, all movable objects on the earth’s sui&ce would tend to shde 
downhill to these two pomts 

Even if it eidsted, this parbcular effect would be too small to he 
observed on our actual earth, because the irregulanbes of mountains 
and valleys, which we have idealized out of eiostence, would easily 
conceal a 600-foot contracbon Yet other gravitabonal phenomena 
of a similar kmd are large enough to admit of observabon, in par- 
bcular the mobons of the perihdia of the planets. And these show 
that gravitabon is, so to speak, m league with the other forces of 
nature to conceal mobon through the ether, if material measuring 
rods mqpenence the Fitzgerald-Lorentz contracbon, then the measures 
of length prowded by the law of gravitation do the same. Yet as 
gravitabon cannot be transmitted through the ether, it is hard to see 
how the measuring rods of the law of gravitation can be subject to 
this contraction. We can only conclude that the Htzgeiald-Iorentz 
contraction does not occur at aU, and this compels us to abandon the 
mechamcal ether. 

We are compelled to start a&esh Our difficulties have all arisen 
&om our initial assumption that everything in nature, and waves of 
hght m parbcular, admitted of mechamcal ezplanabon: we tned in 
bnef to treat the umvecse as a huge madhme. As this has led us mto a 
wrong path, we must look for some other gmdmg prmaple. 

A safer guide than the will-o’-the-wisp of mechamcal explanabons 
is provided by Willian of Occam’s prmaple: “Entia non sunt mulb- 
plicanda prseter necessitatem.” (We must not assume the eiostence 
of any enbty unbl we are compelled to do so ) Its philosophical 
content is idenbcal with that of Newton’s first rule of philosophical 
reasonmg quoted above It is purdy destrucbve; it takes something 
away, m die present instance the assumphon of a mechamcal universe 
with an underlying ether transmitbng mechamcal action through 
“empty space,’’ and provides nothing to put m its place. 

The obvious way of fihmg the gap is to introduce the rdabvity 
prmaple: “Nature is such that it is impossible to determine absolute 
mobon by any expenment whatever.’’ At first sight this may seem 
strange matter widi wbidh to fill the void caused by the withdrawal 
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of the ether the two hypotheses axe of such difierent natures that it 
may seem mcredible diat the second should be able to £11 the same 
hole as the fint Yet m actual one is almost exacdy the antithesis 
of the other: the primary function of the ether was to provide a£xed 
&ame of reference-all its other properties were anallaries necessi- 
tated by our efforts to reconcile the observed scheme of nature with 
our p reliminar y assumption. In its essence, the theory of relativity 
merdy imphes the negation of this preliminary assumption, so that 
die two are eitacdy antithetical. 

Just because this is so, the issue between them is dear cut, and the 
experiment is capable of deddmg it The verdict is quite unambigu- 
ous, we have seen how all experimental efforts to detect an ether 
have &iled, and in so domg have added confirmation to the hypoth- 
esis of relativity Every smgle exponment ever performed has, so &r 
as we know, deaded m &vour of the rdativity hypothesis. 

In this way the hypothesis of a mechamcal ether was dethroned, 
and the prmdple of rdativity set to reign m its stead The signal for 
the revolution was a short paper which Emstem published m June, 
1905. And with its pubhcation, the study of the inner workings of 
nature passed firom the engmeer-saentist to the mathematician. 

Until this time, we had thought of space as something around us, 
and of dme as somethmg that flowed past us, or even through us. 
The two seemed to be m every way fundamentally different We can 
retrace our steps m space, but never in tune; we can move qmddy, 
or slowly, or not at all, m space as we choose, but no one can 
regulate the rate of flow of tune— it rolls on at the same even 
uncontrollable rate for all of us Yet Emstem’s first results, as 
mterpreted by Minkowski four years later, mvolved the amazmg 
condusion that nature knew nothing of all this . 

We have already seen how matter is dectncal in stmcture, so that 
all physical phenomena are ultunatdy dectricaL Minkowski showed 
that the theory of rdativity required all dectrical phenomena to be 
thought of as occurrmg, not m space and time separatdy, as had 
hitherto been thought, but in space and tune wdded together so 
thoroughly that it was impossible to detea any traces of a jom, so 
thoroughly that the whole of the phenomena of nature were unable 
to divide the produa mto space and tune separatdy. 
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When we weld together length and breadth, we get an area— let 
us say a cricket held Hie dififerent players divide it up into its two 
dimensions m different ways, the direction which is “forwards” for 
the howler is “backwards” for the batsman and is left-to-nght for 
the umpire. But the cncket ball knows nothmg of these distmctions. 
it goes where it is hit, directed only by laws of nature which treat 
the area of the cncket field as an mdivisible whole, length and 
breadth bemg welded mto a smgle undifferentiated umt 

If we further weld together an area (such as a cncket field) of two 
dimensions, and height (of one dimension) we obtam a space of three 
dimensions So long as we do this near the earth, we can always call 
on gravity to separate our space out mto “height” and “area”; for 
instance, the direction of height is that direction m which it is hardest 
to throw a cncket ball a given distance. But out m space, nature pro> 
vides no means of effecting this separation; her laws know nothmg 
of our purely local concepts of horizontal and vertical, and treat 
space as consisting of three dimensions between which no differentia- 
tion IS possible. 

By a process of welding we have passed m imagination firom one 
dimension to two, and agam fi:om two to three It is harder to pass 
from three to four because we have no direct expenence of a four- 
dimensional space. And the four-dimensional space which we pan* 
ticularly want to discuss is peculiarly difficult to imagme because one 
of Its dimensions does not consist of ordmary space at all, but of 
time; to understand the theory of relativity, we are called on to 
imagine a four-dimensional space m whidi three dimensions of 
ordinary space are wdided on to one dimension of time 

Let us confront our difficulties smgly, by first imagmmg a two- 
dimensional space obtamed by weldi^ together one dimension of 
ordinary space, namely length, and one dimension of time. Fig. 2 
may hdp us to understand the concept It represents, m diagram- 
matic form, the runiung schedule of the Cornish Riviera Express, 
which leaves Paddmgton at 10 30 a m and reaches Plymouth, 226 
miles distant, at 2 30 p m The horizontal line represents the 226 miles 
of track connecting the two stations, and the vertical line represents 
the mterval of tunc firom 10 30 a m to 2 30 p m on any day on 
which the tram is runmng 
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Tbe thi^ Ime represents the progress of the tram. For instance the 
pomt P on this line is opposite the time 12 0 noon, and above die 
distance 91^ miles firom Paddmgton, mdicatmg that the tram has 
travelled 91^ miles by noon On the other hand a pomt such as Q 
represents a spot somewhere near Exeter at noon; it does not he on 



Fig 2 Diagram to illustrate die motion of a tram 
m space and tnne 


the thick Ime, because the tram does not reach Exeter by noon. The 
whole area of the diagram represents all possible spots on the Ime 
between Paddmgton and Plymouth at all tunes between 10 30 a.m 
and 2 30 p HL Thus by welding together a length, namely 226 miles 
of track, and a time, namely four hours around midday, we have 
obtained an area havmg one dimension of space and one of tuno 


68 THB MTSTERIOUS UNIVBRSS 

In the same way we canunagme the three dimensions of space and 
one dimension of time welded together, foimmg a four-^hmensional 
volume which we shall descnhe as a ^*contmaum ” Then the pima- 
ple of relativity, as mterpreted by Minkowski, states that all the 
phenomena of electromagnetism may be thought of as occurring m 
a continuum of four dimensions— three dimensions of space and one 
of time— m which it is impossible to separate the space from the time in 
any absolute manner. In other words the continuum is one in which 
space and time are so completely welded together, so perfectly 
merged mto one, that the laws of nature make no distinction between 
them, just as, on the cncket fidd, length and breadth are so perfectly 
merged into one that the flying cncket ball Tnakfis no distinction 
between them, treating the held merely as an area m which length 
and breadth separately have lost all meafimg. 

It may be objected that Fig 2 gives no help towards imagining 
this continuum, that it is merdy diagrammatic, that it does not really 
represent the wddmg together of true time and length, but merdy 
of one length with anodier length, which as every one knows gives 
an area— m this case a page of the book. We need not huger over 
this objection because our final condusion will be that the four- 
dunensional continuum is, m minh the same sense, also purdy dia- 
grammatic. It merdy provides a convement firamework m which to 
eidubit the workings of nature, just as Fig. 2 provides a convement 
firamework m which to exhibit the running of a tram. 

Yet, just because we can exhibit all nature withm this fiumework, 
It must correspond to some sort of an objective reahty. But its 
division mto space and time is not objective, it is merdy subjective. 
If you and 1 happen to be moving with diflerent speeds, space and 
time mean something diflferent to you firom what they mean to me, 
we divide the continuum mto space and time m different ways, just 
as, if we happen to be &cmg m different directions, “m front” and 
“to the left” have different meanmgs for the two of us, or just as the 
bowler and the batsman divide up a cncket fidd m different ways of 
which the cncket ball knows nothmg Even if I change my own 
speed of motion, by putting on the l^es of my car, or jumping on 
to a movmg bus, I am re-arrangmg the division of the continuum 
mto space and tune for myself. And the essence of the theory of 
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relativity is diat nature knows nothing of these divisions of die con- 
tinuum mto space and time; m MinkovTski’s words: ^'Space and time 
separately have vanished into the merest shadows, and only a sort of 
combination of the two preserves any reality.” 

This shows m a £ash why the old luminiferous ether had inevit- 
ably to &de out of the picture— it claimed to fill ”all space,” and so 
to divide up the continuum objectively mto time and space. And the 
laws of nature, not recognmng such divisions as a possibihty, cannot 
recognize the existence of the ether as a possibihty. 

Thus if we want to visualize the propagation of light waves and 
electromagnetic hirces by thinking of them as disturbances m an 
edier, our edier must be somethmg very different &om die mediani- 
cal ether of Maxwell and Faraday. It may be thought of as a four- 
dimensional structure, filling up the whole continuum, and so ex- 
tendmg through all space and all time, m which case we can all enjoy 
the same ether. Or, if we want a three-dunensional ether, it must be 
subjective in a way in which the Maxwell-Faraday ether was not 
Each of us must then carry his own ether about with him, much as 
in a shower of ram each observer cames his own rainbow about with 
him If I change my speed of motion I aeate a new ether for myselfi 
just as, if I step a few paces iu a sunny shower, I acquire a new ram- 
bow fiir mys^ Amd unless the expanding umverse descnbed above 
(p 42) IS a pure illusion, every one’s ether must mcessandy eaqiand 
and stretch. Whether a structure of this kmd ought to be called an 
ether, is open to question; it would be hard to find any property it 
has m common with die old nmeteendi-century ether hideed, as the 
hypothesis of relativity is the exact n^ation of die existence of the 
old ether, it is dear that any ether that relativity can allow to remain 
m bemg must be the exact opposite of the old ether. This being so, 
it seems a mistaken efibrt to call them by the same name. 

I do not think there is any real divergence of opinion among com- 
petent saendsts on all dus. Sir Arthur Eddm^n truly says that 
about half the leading physicists assert that the ether exists and the 
other half deny its existence, but continues: ”Both parties mean* 
eiracdy the same thing, and are divided only by words.” Sir Oliver 
Lodg^ who has been the staunchest supporter of the objective exis- 
tence of an ether m recent years, writes * — 
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The edier in its ‘Tenons forms of energy dominates modem pbyncs, thou^ 
many prefer to avoid the term "etbee” beause of its nineteendtceatuiy 
assodationss and use die term “space.** Tbe tenn used does not mudi matter. 

dearly, if it is a matter of indifft^ence wheOier we speak of tke 
ether or of space, of die existence or non-edstence of die ether, dien 
even its most ardent devotees cannot elaim much oljective reality 
for it I think die best way of regarding die ether is as a frame of 
reference just as the diagram on page 67 is a &ame of reference; its 
existence is just as real, and just as unreal, as that of the equator, or 
the north pole, or the meridian of Greenv/ich. It is a creation of 
thought, not of sohd substance. We have seen how the edier, vdiich 
is die same £ot all of us, as distingutshed dom your edier or my ether, 
must be supposed to pervade all time as well as all space, and diat no 
valid disdncdon can be drawn between its occuparuy of time and 
space. Ihe damework in time to wbidi we must compare die time- 
dimension of the ether is of course ready to hand— it is the division 
of the day into hours, minutes andseconds And unless we think of 
dus division as material, which no one ever does or has done, we are 
not justified in thinking of die ether as material In the new hght 
which die theory of rdadvity has cast over science, we see that a 
material ether filling space could only be accompanied by a material 
ether filling dme— die two stand or fitll together. 

Thus “we seem on fiurly safi ground in thinking of the ether as a 
pure abstraction; it is at best **a local babitadon and a name.” Yet a 
local habitation for what? The universe consists only of waves, and 
we first introduced the ether as the uominadve of the verb “to undu- 
late.” This concq)tion must now be abandoned, fiir the utterly unsub- 
stantial ether we are now considoing is as incapable of undulation 
as IS the equator or the meridian of Greenwich. It does not of course 
follow that nodiing undulatory can be propagated through (his im- 
material medium. We speak of a heat wave, or a suicide ■wave, and 
do not ask for an undi^ting medium to convey them. The heat 
wave might be propagated round the equator, and the suiade vivte 
along the meridian of Greeu'wich 

It may be rbo wgbr that; although we can obtain no direct evidence 
of the existence of the ether, yet we can find evidence of something 
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of the nature of waves passing throng it, in all the phenomena 
which are generally taken to prove the undulatory nature of hght— 
Newton's rmgs, diiSraction patterns, and mterference phenomena m 
general This, however, is not so, for agam we have no knowledge 
of the supposed waves except where there are particles of matter to 
reveal th^ to us The phenomena just mentioned give us no know- 
ledge of things passing through the ether, but only of thmgs filing 
on matter. So ^ as we know, nothmg at all is propagated that is 
more concrete than a mathematical abstraction— >it is like astronomi- 
cal noon being propagated over the sur&ce of the eardi as the earth 
turns round under the sun. Yet I can imi^e a physicist mtervemng 
widi an objection at this sta^, it would be somethmg hke this*— 

Physicist. The sunshine out of doors represents energy which was 
generated in the sun. £ighc minutes ago it was m the sun, now it is 
here. Consequendy it must have come from the sun, and so must 
have travelled through the space which intervenes between the sun 
and us It seems to me, then, ^t energy must be propagated through 
the space which intervenes between the sun and us It seems to me, 
then, that energy must be propagated through space 

MathemaUaan. Let us make the question at issue as precise as pos> 
sible. Let us fix our attention on a defimte parcel of sunhght, say 
that which frUs on my book m the space of a second, as I sit reading 
out in the bnght sunshme. This, you say, was m the sun eight 
minutes ago. Four nunutes ago it was, I suppose, out m space, half* 
way between the sun and ourselves. Two nunutes ago it was three- 
quarters of the way towards os? 

Physicist. Yes, and that is what I call bemg propagated through 
space, energy moves from one bit of space to another. 

Mathematician. Your concept imphes diat at any instant the differ- 
ent htde bits of space are occupied by dififerent amounts of energy. 
If so. It ought of coune to be possible to calculate or measure how 
much IS m a given bit of space at a given mstant. If you assume that 
the sun is at rest m an ether, and that sunhght is energy propagated 
through this ether, then, I admit, you can get a quite defimte answer 
to the problem; Maxwell gave itm 1863. Also if you assume that the 
sun, and of course the whole solar system with it, is movmg steadily 
through the ether at a known speed, say 1,000 miles a second, you 



72 THE MYSTERIOUS UNIVERSE 

can also get a definite answer to your problem. But— and this is the* 
crux of the matter— the two answers are dififerent Will you tdl me 
which is the nght one? 

Physicist. Obviously the first is right tf the sun is at rest m the ether, 
and ^ second if the sun has a ste^y speed of 1,000 miles a second 
through the ether. 

Mathemtiam. Yes, but we are in agreement that “at rest m the 
ether” means nothing at all, and “a steady speed of 1,000 miles a 
second through the ether” means nothing at all If we try to attach 
any meamng to them, all the phenomena of nature insist that the 
same meanmg must be attached to botL Consequendy I find your 
answer meanmgless. ' 

In some such way as this we find that the attempt to parcel out 
energy amongst the difierent parts of space leads to an ambigmty > 
which cannot be resolved. It seems natural to suppose that our 
attempt is a misguided one, and that the partition of energy through 
space is illusory. 

And again, the attempt to regard the flow of eneigy as a concrete 
stream always defeats itself With a stream of water, we can say that 
a certam particle of water is now here, now there; with energy it is 
not so The concept of energy flowing about through space is useful 
as a picture, but leads to absurdities a^ contradictions if we treat it 
as a reality. Professor Poyntmg gave a well-known formula which 
tells us how energy may be pictured as flowmg m a certain way, but 
the picture is flu: too ainfic^ to be treated as a reahty; for instance, 
if an ordinary bar-magnet is ebctnfled and lefi: stamhng at rest, the 
formula pictures energy flowing endlessly round and round the 
magnet, rather like innumerable rings of children joimng hands and 
dancmg to all eternity roimd a maypole. The madiematician bnngs 
the whole problem back to reahty by treating this flow of energy as 
a mere mathematical abstraction. Indeed he is almost compelled to 
go further and treat energy itsdf as a mere mathematical abstraction 
— ^the constant of mtegration m a difierennal equation If he docs 
this. It becomes no more absurd that there should be two different 
values for the amounts of energy m a given region of space than that 
there fliould be two different times at the same place, such as stan- 
dard and daylight-savmg times in New York, or avil and sidereal 
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tunes in an observatory. iFhe declines to do this, be is left to defend 
tbe untenable position that tbe universe is bmlt^ m a concrete way, 
of enei^ in its alternative forms of matter and radiation, and that 
energy cannot be localized in spa(£. We shall discuss this situation 
further below (p. 98). 

Befere proceeding to consider other developments of the theory 
of relativity, it seems appropriate to discard the word “ether” m 
fevour of the term “continuum,” this meamng the four-dimensional 
“space” we have already imagmed, m which the three dimensions 
of ordinary space are supplemented by time acting as a fourth 
dimension. 

Laws of nature express happenings m tune and space, and so can 
of course be stated with reference to this four-dimensional con- 
tinuum. In discussing these laws quantitatively, it is found conveni- 
ent to imagine both time and space measured m a very special and a 
very artifiaal manner. We shall not measure lengths m terms of feet 
or centimetres, but m terms of a umt of about 186,000 miles, which 
IS die distance that hght travels m a second. And we shall not 
measure time m ordm^ seconds, but in terms of a mystenous unit 
equal to a second multiphed by V “ 1 square root of - 1). 
Mathematicians speak of V “ 1 an “imaginary” number, because 
it has no existence outside their imaginations, so that we are measur- 
ing time m a highly artificial manner. If we are asked why we adopt 
these wend metiiods of measurement, the answer is that they appear 
to be nature’s own system of measurement; at any rate hey enable 
us to express he results of he heory of rdativity m he sunplest 
possible form. If we are fiirher asked why tins is so, we can give no 
answer— if we could, we should see fin deeper than we now do mto 
he inner mysteries of nature. 

Let us, hen, agree to use he weird system of measurement just 
, described, and construct our continuum accordmgly. Minkowski 
showed that if the hypothesis of relativity is true, he statement of 
he laws of nature must showno distinction between time and space, 
when he continuum is constructed m he way j'ust described; he 
three dimensions of space and one of time enter as absolutely equal 
parmeis mto the formulation of every natural law. If hey did no^ 
he law would be at variance wih the prmaple of relativity. 
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It was soon noticed that Newton's ^mous law of gravitation did 
not conform to the condition just stated, so that either Newton s law 
or the hypothesis of relativity was wrong Einstein examined what 
alterations would have to he apphed to Newton's law to bring it into 
conformity with diehypothesisofreiativity, and found that theneces- 
sary changes mvohred the appearance of three new phenomena which 
were not implied in Newton's old law. In other words, nature pro- 
' vided three disonct ways of deciding observationally between the 
kws ofEinstein and Newton. When the test was made, die decision 
was kvourable to Einstem m every case. 

What we call the “law of gravitation" is, stnctly speakmg, nothmg 
more than a mathematical formula giving the accdeiation of a mov- 
ing body— the rate at which it dianges its speed of motion. Newton's 
law lent itself to a rather obvious mechanical interpretation a body 
moved in the same way as it would if it were “drawn off from its 
rectihnear motion" (to use Newton's phrase) by a force propor- 
tional to the mverse square of the distance. Newton acconhngly 
supposed such a force to exist, it was called the “force of gravity. 
Einstem's law did not lend itself to any such mteipretanon m terms 
of forces, or mdeed to any medianical interpretation whatever— still 
another indication, if one were needed, that the age of mechamcal 
science had passed. But it was found to admit of an easy mterpreta- 
tion in terms of geometry. Ihe e&ct of a mass of gravitating mat^ 
was not, as Newton had tmagmcd, to exude a “force,” but to dis- 
tort the four-dimensional continuum m its neighbourhood The 
moving planet or cndcet ball was no longer drawn off from its 
rectilinear motion by the pull of a force, but by a curvature of the 
continuum. 

It is difocult enough to imagine the four-dimensional continuum 
even when undistorted, and st0 more so to imagine its distortion^ 
hut the two-dimensional analogy of an area may help. Surfrces such 
as a cridcet fidd or the skin of our hand are two-dunensional con- 
tinua; the analogies of the distortions produced by gravitating ma^ 
are mole hills or blisters. The cricket ball which rolls over a mole hul 
as “drawn off from its rectihnear motion” like a comet or a my o 
light passing near die sun. And die combmed distortions of die four- 
dimensional continuum produced by all the matter in the umvetse 
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cause die continuum to bend back on itself to form a closed sur&ce 
so that space becomes “fimte/* with the results that have been already 
discussed m Chapter Two 

Space and time as separate entities have already disappeared from 
die umverse; gravitational forces now disappear also, leaving nothing 
but a crumpled continuum. Nmet^th-century saence had reduced 
the umverse to a playground of forces of only two kmds— gravita- 
tional forces which govern the major phenomena of astronomy, 
besides keepmg our bodies and possessions on the earth’s sur&ce, and 
dectcomagnetic forces, which control all other physical phenomena, 
such as hght, heat, sound, cohesion, dasnaty, dhemical change, and 
so forth Now that gravitational forces have disappeared from saence, 
itis natural to wonder why dectromagnedc forces happen to survive, 
and how they figure in the contmuum. Although die question is not 
finally setded, it seems hkdy that diese, too, are destined to go the 
way of gravitational forces. Weyl and Eddmgton successivdy pro- 
pounded theories which dispensed with electromagnetic forces 
altogether, and tned to mterpret all physical phenomena as conse- 
quences of die peculiar geometry of die contmuum. Both these 
proved open to objections; the of a more recent dieory of the 

same type by Einstem is still m the balance. But whatever dieory 
finally prevads, it seems fiurly certain that m some way or other 
dectrom^etic forces will ere long be resolved merdy mto a new 
type of crumpling of the continuum, essentially different m its 
geometry, but m no other respect, from that whose effects we 
descnbe as gravitation If so, the umverse will have resolved itself 
into an empty four-dimensional space, totally devoid of substance, 
and totally featurdess except for the crumphngs, some large and 
some small, some mtense and some feeble, m the configuration of 
die space itself. 

What we have hitherto spoken of as the propagation of energy, 
such as the passage of sunlight firom sun to earth, now reduces to 
nothmg more than the continuity of a corrugated crumphng along 
a hne m the continuum which extends over about aght mmutes of 
our terrestrial time and about 92,500,000 miles of our terrestrial 
length We now see that we cannot picture it as the propagation 
of anydung conaete or objective through space unless we first 
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divide the conlitiauin objectively into space and time, and this is 
precisely what we are forbidden to do. 

To sum up, a soap bubble with uregulanties and corrugations on 
Its surface is perhaps the best r^resentation, m terms of simple and 
fonuliar matenals, of the new umverse revealed to us by the theory 
of rdativity. The umverse is not the mfonor of the soap bubble but 
Its surfoce, and we must always remember that, while the surfo:e of 
the soap bubble has only two dimensions, the umverse bubble has 
four— three dimensions of space and one of tune. And the substance 
out of which this bubble is blown, the soap film, is empty space 
wdded on to empty tune 



CHAPTER FIVE 


INTO THE DEEP WATERS 

L et us study in more detail this soap bubble, blown of empti- 
aess, by which modem science portrays the universe. Its sui&ce 
isnchly marked withiriegulantiesandcorrugations. Twomainkinds 
may be discerned, which we interpret as radiation and matter, 
the ingredients of which the universe appears to us to be 
built. 

Markmgs of the first kind represent radiation M radiation travels 
at the same uniform speed of about 186,000 miles a second. If the 
team m Fig. 2 (p. 67) had travelled at a uniform speed of a mile a 
mmute, its motion would have been represented by a per&cdy 
straight line indined at an angle of 45^ to the vertical. A succession 
of trams all moving uniformly at a mile a minute would be repre- 
sented by a lot of lines all panlld to this. Now let us diange our 
standardspeed firom a mile a minute to 186,000 miles a second, and 
replace die one direction fiom London to Plymouth by all the direc- 
tions in space. The diagram on page 67 now becomes replaced by 
the four-dimensional continuum, and radiadon is represented by a 
set of lines all making the same ang^e (45°) with the dnecdon of 
tune advancing. 

Markmgs of the second kmd represent matter. This moves through 
space at a vanety of difieient speeds, but all are small m comparison 
with the speed of light. To a first rough approximation, we may 
regard all matter as standing stiU m space, and moving forward only 
in tune, so that die markmgs which represent it run in the dtrecdon 
of tune advancing, just as, if the tram whose journey is shown in 
fig. 2 (p. 67) were to stop at a stadon, its stay there would be 
represented by a bit of vertical line 
The markings which represent matter tend to form broad bands 
across the surface of the soap bubble, like broad streaks of paint on 
a canvas This is because the matter of the universe tends to aggregate 
mto large masses—stars and other astronomical bodies. These bands 
or streaks are known as “world Imes”; the wodd line of the sun 
Peaces out the posidon of the sun in space which corresponds to each 
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instant of tune We can picture this diagrammatically m Fig. 3, 
bdow. 

Just as a cable is formed of a great number of fine threads, so the 
world Ime of a large body like the sun is formed of innumerable 
smaller world hues, the world lines of dbe separate atoms of which 



sun 

We may think of the surface of the bubble as a tapestry whose 
threads are the world hues of atoms In so for as atoms are permanent 
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and indestrucable, die diread-like world lines of the atoms traverse 
the whole length of the picture in die direction of tune advandng. 
But if atoms are annihilated, the thr^ds may end abrupdy and tassels 
of wodd hues of radiation spread out &om their broken ends. As 
' we move tunewards along the tap&try, its vanous threads for eve^ 
shift about m space and so change thor places relative to one another. 
The loom has been set so that they are compelled to do this accordmg 
to defimte rules which we call the ‘^laws of nature." 

The world line of the earth is a smaller cable, made up of several 
strands, these representing the mountams, trees, aeroplanes, human 
bodies and so on, the aggregate of which makes up die eardi. Each 
strand is made up of many threads— the world hues of its atoms. A 
strand which represents a human body does not differ m any observ- 
able essentials from the other strands. It shifts about, relatively to the 
other strands, less freely than an aeroplane, but more fteely than a 
tree Like the tree, it begins as a small thing and mcreases by continual 
absorption of atoms ftom outside— its food. The atoms of which it 
IS formed do not differ m essentials ftom other atoms; exacdy similar 
atoms enter mto die composition of mountains, aeroplanes 
and trees. 

Yet die threads which represent die atoms of a human body have 
die special capaaty of conveymg impressions through our senses to 
our mmds Ihese atoms afifta our consciousness durecdy, while all 
the other atoms of the umverse can only afi&ct it mdurecdy, through 
die intermediary of these atoms. We can most simply interpret con- 
sciousness as something residmg entirely outside die picture, and 
making contact with it only along the world Imes of our bodies. 

Your consaousness touches thepictureonly alongyourworldlme, 
mine along my world hue, and so on. The effta produced by this 
contact IS piunanly one of the passage of tune; we fed as if we were 
being dragged along our world Ime so as to eicperience die difterent 
pomts on it, which represent our states at the different instants of 
m turn. 

It may be that time, ftom its begmnmg to the end of etermty, is 
spread before us m the picture, but we ace in contaa with only one 
mstant, just as the bicyde-whed is m contact with only one point of 
die road. Then, as Weyl puts it, events do not happen; we merdy 
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come across them. Or, as Plato eicpressed it twenty-three centimes 
earlier in the Timmts ; 

llie past and fiituze aie oeated species of time whidi we uncoDsaously but 
wrongly transfer to tibe eternal essence. We say “was,** *'i8,** “will be,*’ but 
the tm^ IS that “is" can alone propedy be used 

In this case, our consaousness islike tiiat of a fly caught in a dustmg- 
mop which is hemg drawn over the surface of the picture; the whole 
picture is there, but the fly can only experience the one instant of 
time with which it is m immediate contact, although it may remem- 
ber a bit of the picture just behmd it, and may even ddude itself mto 
imagining it is helping to pamt those parts of the picture which he 
in flout of it 

Or again, it may be that our consciousness should be compared 
to the feelmg in the Anger of the pamter as he gmdes the brush 
forward over the still unfinished picture. If so, the impression of inflor 
encmg the parts of the picture yet to come is something more than a 
pure illusion. At present saence can tell us very htde as to the way 
in which our consaousness apprdiends the picture; it is concerned 
mainly with the nature of the picture. 

We have seen how the ether wbch was at one time supposed to 
fill the umveise has been reduced to an abstraction, a flamework of 
empty space, amountmg to nothing more than the spatial dimen- 
sions of a soap bubble, whose soap-film consists of vacancy. The 
waves which were at one tune supposed to traverse this ether have . 
also been reduced to htde more than an abstraction: they are corru- 
gations on a cross-section of the bubble by time. 

Hus quahty of abstractness m what were at one time regarded as 
material “ether-waves” recurs m a flr more acute form when we 
turn to the system of waves which make up an dectron. The “ether” 
in terms of which we find it convenient to esplam ordinary radiation 
—say, sunhght— has three dimensions of space, m addition to its one 
dimension of tune. So also has the ether m which we descnbe the 
waves wbch constitute a single electron isolated m space, this may 
or may not be the same ether as before, but it is simd ar m havmg 
three dimensions of space and one of time. But a smgle electron 
isolated m space provides a perfecdy eventless universe^ the sunplest 
concavable event occumng when two dectrons meet one another. 
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And to describe, in its simplest terms, what happens when two elec- 
trons meet one another, ^e wave-mechamcs asks for a system of 
waves m lui ether which has sevoi dimensions; six are of space, three 
for each of the electrons, and one is of tune To descnbe a meetup 
of three electrons, we need an ether of ten dimensions, nine of space 
(agam three for each electron) and one of tune Were it not for the 
last dimension of tune which bmds all the others together, the vanous 
electrons would all exist m separate non-commumcatmg three- 
dimensional spaces Thus tune figures as the mortar which bmds die 
bncb of matter together, much as, on die spmtual plane, the 
“windowless monads” of Leibmtz were bound together by the uni- 
versal mmd. Or, perhaps with a nearer approach to actuahty, we 
may dunk of the electrons as ol^ects of diought, and time as the 
process of diinking. • 

Most physicists would, I dunk, agree that the seven-dimensional 
space m which the wave-mechamcs pictures die meeting of two 
electrons is purely fictitious, m which case the waves which accom- 
pany the electrons must also be reg^ded as fictitious. Thus Professor 
Schrodmger, wnting of the scven-dimeDSional space, says diat 
although It 

has quite a definite physical meaning, it cannot very wdl be said to “east”; 
hence a wave-motion m this space cannot be said to “odst” in die or dinar y 
sense of the woid ether It is merely an adequate madiematical description of 
what happens It may be diat also m the case of one angle (electron), the 
wave-motion most not be talcen to “exist” m 100 hteral a sense, alrtinng h the 
configuration-space happens to comcide with ordinary qiace m this particu- 
larly simple case 

Yet It IS hard to see how we can attnbute a lower degree of reahty 
to the one set of waves than to the other: it is absurd to say the 

waves of smgle electrons are real, while those of pairs of electrons are 
fictitious And die waves of smgle electrons are enough to record 
themsdves on a photographic^plate and produce the patterns shown 
in FronUspiea Plate n We can only regain complete consistency by 
supposmg all the waves, diose of two electrons, those of one electron, 
and the waves on Professor Thomson’s photographic plate, to have 
the same degree of reahty or unreahty. 

Some physicists meet this sibiation by regardmg the electron- 
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waves as waves of probability When we speak of a tidal-wave we 
mean a matcnal wave of water which wets everything m its path. 
Wlien we speak of a heat-wave we mean soihething which, although 
not matenal, warms up everythmg m its path. But when the evening 
papers speak of a suiade-wave, they do not mean that each person 
m the path of the wave will commit suiade; they merely mean that 
the likelihood of his doing so is mcreased. If a suiade-wave passes 
over London, die death-rate firom smade goes up; if it passes over 
Robinson Crusoe’s Island, the probabihty that the sole inhabitant wdl 
kill hims^f goes up The waves which represent an electron m the 
wavo>mechamcs may, it is suggested, be probabihty-waves, whose 
mtensity at any pomt measures the probabihty of the electron being 
at that pomt. 

Thus at each pomt on Professor Thomson’s plate (Figs. 2 and 3, 
Frontispiece Plate 11), the wave-mtensity measures the probabihty 
that a single diffracted electron would hit the plate at that spot 
When a whole crowd of electrons is diffracted, the total number 
which lut any spot is, of course, propordonal to the probabihty of 
each mdividual luttmg the spot, so ^t the darkenmg of the plate 
gives a measure of the probabihty per electron 

This view has the great ment that it enables the dectrons to pre> 
serve dicir identity If the electron-waves were true matenal waves, 
each system of waves would probably be dispersed by die eiqpen- 
ment, so that no electrified particles would survive as such m the 
diffracted beam Indeed, any encounter with matter would break up 
electrons, whidi could not be regarded as permanent structures 
Actually, of course, it is the shower of electrons, rather than the 
mdividual, that is diffracted, the mdividual electrons move as par- 
ticles and rctam their identity as such. 

All this IS m accordance with Heisenberg’s “uncertamty prmaple” 
(p 17), which makes It impossible ever to say "An electron is here, 
at this precise spot, and is moving at just so many miles an hour’’; 
It is also in accordance with the general pnnaple of Dirac, which has 
already been explained (p. 19). Yet these two prmaples alone arc 
not enough to specify the full nature of the electron-waves 

Heisenberg and Bohr have suggested that these waves must be 
regarded merely as a sort of symbolic representation of our know- 
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ledge as to the probable state and position of an dectron If so, they 
change as our Imowledge changes, and so become largely subjective. 
Thus we need hardly think of the waves as bemg located m space 
and timeatall; they are mere visualizations ofamathematical formula 
of an undulatory, but wholly abstract, nature. 

A still more drastic possibility, agam arising out of a suggestion 
made by Bohr, is that the mmutest phenomena of nature do not 
admit of representation in the space-tune framework at all On this 
view die four-dimensional contmuum of tiie theory of relativity is 
adequate only for some of the phenomena of nature, these mdudmg 
large-scale phenomena and radiation m free space; other phenomena 
can only be represented by gomg outside die continuum. We have, 
for instance, already tentatively pictured consaoumess as somethmg 
outside the contmuum, and have seen how the meetmg of two elec- 
trons can most simply be pictured m seven dunensions It is conceiv- 
able that happenmgs entirdy outside the contmuum determine what 
we descnbe as the **course of events” inside the continuum, and that 


the apparent mdeterminacy of nature may arise merely from our 
trymg to force happenings which occur m many dimensions mto a 
smaller number of dunensions Imagine, for instance, a race of blind 
worms, whose perceptions were limited to the two-dimensional 
sur&ce of the earth. Now and then spots of the earth would sporadic- 
ally become wet We, whose Acuities range through three dunen- 
sions of space, call the phenomenon a ram-shower, and know diat 
events m the thud dimension of space determme, absolutely and 
umquely, which spots shall become wet and which shall remam dry. 
But if the worms, unconsaous evai of the existence of the thud 


dunension of space, tried to thrust all nature mto then two-dunen- 
sional fiamework, tiiey would be unable to discover any determinism 
in the distnbution of wet and dry spots; the worm-saentists would 
only be able to discuss the wetness and dryness of mmute areas in 
terms of probabihoes, which they would be tempted to treat as 
ultimate truth Although the tune is not yet npe for a deasion, this 


seems to me, personally, die most promising mterpretation of the 
situation Just as the shadows on a wall form the projection of a 
three-dunensional reahty mto two dimensions, so the phenomena of 
the space-tune continuum may be four-dimensional projections of 
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realities vrludi occupy more than four dimensions, so that events in 
time and space become 

no other than a moving row 
of Magic Shadow-shapes diat come and go 

It may perhaps he objected that we have paid altogether too much 
attention to the wave-mechamcs, which after all is only a mathe- 
matical picture, when probably innumerable otiier matiiematical 
pictures might serve equally well, and might lead to entirely different 
conclusions 

It is true tiiat the wave-medianics picture can make no claim to 
uniqueness. Other systems are in the field, particularly those of 
Heisenberg and Dixac. Yet in the mam these only say the same tiung 
in other, and frequently more comphcated, words No otiier system 
yet devised explains thhigs so simply, or seems to be so true to nature, 
as tile wave-mechamcs of de Brogue and Schrodmger. Photographs 
such as those shown in Fron^spkce Plate H bear witness that waves 
of definite wavelength are somehow fimdamentalmnature*s scheme; 
tiiese waves form the fundamental concept of the wave-mechamcs, 
but only appear as rather fir-fetched by-products m tiie otiier 
systems. Abo, just because of its inherent simpliaty, tiie wave- 
mechamcs has shown a capacity for penetrating much further mto 
the secrets of nature than any oti^ system, so that otiier systems are 
already filling somewhat into the badcground. To vary our mem- 
phor, they have served a valuable purpose as scaffolding, but there 
seems to be but htde mdination to add to them further. 

If then we are to concentrate on one picture, we seem justified in 
selecting that provided by tiie wave-medianics, although m point 
of fict either tiie system of Heisenberg or that of Dirac would lead 
us to very much the same conclusion The essential fict b simply that 
all tile pictures which science now draws of nature, and which alone 
seem capable of according witii observational fict, are mathematical 
pictures 

Most scientists would agree that they are more than 

pictures— fictions if you like, if by fiction you mean ^t saence is 
not yet in contact with ultimate reahty. Many would hold that, from 
the broad philosophical standpcunt, the outstanding achievement of 
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twentietb-ccntiiry physics is not the dieory of relativity with its 
welding together of space and tim^ or die theory of quanta with its 
present apparent negation of the laws of causation, or the dissection 
of the atom with the resultant discovery that things are not what 
they seem, it is the general recognition diat we are not yet in contact 
wi^ ultimate reahty. To speak m terms ofPkto’s well-known simile, 
we are still imprisoned m our cave, with our backs to the hght^ and 
can only watdi the shadows on the wall At present the only task 
immediately before saence is to study these shadows, to classify them 
and explam them m the simplest possible way. And what we are 
findmg, m a whole torrent of surpnsmg new Imowledge, is that the 
way which explains them more deady, more fully and more natur- 
ally than any other is the mathematical way, the explanation m terms 
of mathematical concepts. It is true, in a sense somewhat difierent 
&om that mtended by Galileo, that “Nature’s great book is wntten 
m mathematical language.” So true is it that no one except a mathe- 
matician need ever hope fully to understand those brandies of saence 
which try to unravel the fundamental nature of the umverse— the 
theory of relativity, the theory of quanta and the wave-medianics. 

The shadows which reahty throws on to die wall of our cave might 
apnori have been of many kinds They might conceivably have been 
perfecdy meanmgless to us, as meanmgless as a cinematograph film 
showu^ the growth of microscopic tissues would be to a dog who 
had strayed mto a lecture-room by mistake. Indeed, our earth is so 
infimtesunal m comparison with the whole umverse, we, die only 
thmkmg bemgs, so kr as we know, m the whole of space, are to all 
appearances so acadental, so fiu: removed from the mam scheme of 
the umverse, that it is a priori all too probable that any mganing that 
die umverse as a whole may have, would entirdy transcend our 
terrestrial eiqienence, and so be totally umntelhgible to us. In this 
event, we should have had no foothold from which to start our 
exploration of the true meaning of die universe 

Although this is die most hl^y event, it is not impossible that 
some of the shadows thrown on to the walls of our cave might 
suggest objects and operations with whidi we cave-dwellers were 
already k^ar m our caves The shadow of a Mmg body behaves 
like a fiJhng body, and so would remmd us of bodies we had our- 
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sdves let M; we should be tempted to mterpret such shadows m 
mechamcal terms. This explains the medham^ physics of the last 
century; the shadows reminded our saentific predecessors of the 
behaviour of jellies, spinnmg-tops, thrust-bars, and cog-wheels, so 
that they, mistakmg t^ shadow for the substance, beheved they saw 
before them a umverse of jellies and mechamcal devices We know 
now that the interpretation is conspicuously inadequate: it fails to 
eiqplain the sunplest phenomena, the propagation of a sunbeam, the 
composition of radiaticm, die M of an apple, or the whirl of 
dectrons m the itoxfL 

Agam, the shadow of a game of chess, played by die actors out m 
the sunhght, would remmd us of the games of chess we had played 
in our cave Now and then we might recognize kmghts* moves, or 
observe casdes moving simultaneously with kmgs and queens, or 
discern other characteristic moves so similar to those we were accus- 
tomed to play that they could not be attnbuted to chance We would 
no longer dunk of the external reahty as a machme, the details of 
its operation nught be mechamcal, but m essence it would be a reahty 
of thought we should recognize the chess players out m the sunlight 
as beings governed by zmnds like our own, we should find the 
counterpart of our ovm thoughts m the reahty which was for ever 
inaccessible to our direct observation 

And when saentists study the wodd of phenomena, the shadows 
which nature throws on to the wall of our cave, they do not find 
these shadows totally unmtelligible, and neither do they seem to 
represent unknown or unfamiliar objects Rather, it seems to hie, we 
can recognize chess players outside m the sunshme who appear to be 
very well acquamted with the rules of the game as we have formulated 
them m our cave To drop our metaphor, nature seems very conver- 
sant with the rules of pure mathematics, as our mathematicians have 
formulated them m then studies, out of their own mner consaous- 
ness and without dravnng to any appreciable extrait on their expen- 
ence of die outer world By “pure mathematics” is meant those 
departments of mathematics which are creations of pure thought, of 
reason operatmg solely within her ovm sphere, as contrasted with 
“apphed mathematics” which reasons about the external world, after 
first takmg some supposed property of the mctemal world as its raw 
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matecial Descartes, looking round for an example of the produce of 
pure thoi^ht uncontaminated by observation (rationalism], chose 
the hct that the sum of the three angles of a triangle was necessarily 
equal to two right angles. It was, as we now know, a smgulaily 
unfortunate choice. Other choices, ihr less open to objection, might 
easily have been made, as, for mstance, the laws of probabihty, the 
rules of mampulation of “imaginary” numbers — i e., numbers con- 
taining the square roots of negative quantities — ormuld-dimensional 
geometry. AU these branches of mathematics were oiiginally worked 
out by the mathemadaan m terms of abstract thought, pracdcally 
uninfluenced by contact with the outer world, and drawing nothing 
fi:om espenence. they formed 

an mdependent world 
created out of pare intelligence. 

And now it emerges that the shadow-play which we descnbe as 
the &11 of an apple to the ground, die ebb and flow of the ddes, die 
motion of electrons m the atom, are produced by actors who seem 
very conversant with these purely mathemadcal concepts— with our 
rules of our game of chess, whidi we formulated long before we 
discovered that the shadows on the wall were also playmg chess. 

T^en we try to discover the nature of the reahty behind the 
diadows, we are confironted with the &ct that all discussion of the 
ultimate nature of things must necessarily be barren unless we have 
some eictraneous standards against wbch to compare diem. For diis 
reason, to borrow Locke's phrase, “ the real essence of substances ” is 
for ever unknowable. We can only progress by discussmg the laws 
which govern the changes of substances, and so produce the pheno- 
mena of the mttemal world. These we can compare widi the abstract 
creations of our own mmds. 

For instance, a deaf engmeer studying the action of a pianola mi ght 
try first to mterpret it as a machine , but would be baffled by die 
contmuous reiteration of the mtervals 1, 5, 8, 13 in the motions of its 
trackers. A deaf musician, aldiough he could hear nothing, would 
immediately recognize this succession of numbers as the mtervals of 
the common chord, while other successions of less firequent occur- 
tence would suggest other musical chords In this way he would 
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recognize a kmship between bis own thoughts and the thoughts 
whidi had resulted in the making of the pianola; he would say that 
It had come mto existence through the thought of a musician In the 
same way, a saentihc study of the action of the universe has suggested 
a conclusion which may he summed up, though very cruddy and 
quite inadequatdy, because we have tio language at our command 
except that denved h:om our terrestrial concepts and expenences, m 
the statement that the umverse appears to have been designed by a 
pure mathematician. 

This statement can hardly hope to escape diallenge on the ground 
that we are merdy moulding nature to our pre-conceived ideas. The 
musician, it will be said, may be so engrossed m music that he would 
contrive to mterpret every piece of meehantfim as a m u s ical instru- 
ment, the habit of thmkmg of all mtcrvals as musical mtervals may 
be so mgramed m bun that if he &11 downstairs and bumped on stairs 
numbered 1, 5, 8 and 13 he would see music m his fall In the same 
way a cubist pamter can see nothmg but cubes m the mdescnbable 
richness of nature — and the unreahty of his pictures shows how far 
he IS fiom understandmg nature; his cubist spcctades are mere blink- 
ers which prevent his seeing more than^a mmutc fraction of the great 
world around him. So, it may be suggested, the mathematiaan only 
sees nature through the mathemati^ blinkers he has &shioned for 
hjmsdf We may be remmded that Kant, discussmg the vanous 
modes of perception by which the human mind appr^ends nature, 
conduded that it is specially prone to see nature through mathe- 
matical spectacles Just as a man wearmg blue spectades would see 
only a blue world, so Kant thought that, with our mental bias, we 
tend to see only a mathematical world Does our argument merdy 
exemplify this old pitfall, if such it is? 

A moment’s reflection wdl show that this can hardly be the whole 
story The new mathematical mterpretation of nature cannot all be 
m our spectades— -m our subjective way of regarding the external 
world— since if it were we should have seen it long ago The human 
mmd was the same m quahty and mode of action a century ago as 
now; the recent great cl^ge m saraitlfic outlook has resulted from a 
vast advance m sa^tiflc knowledge and not from any change m the 
human imnd, we have found somethmg new and hitherto unknown 


I 
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m the objective universe outside ourselves Our remote ancestors 
tried to mterpret nature m terms of anthropomorphic concepts of 
their own creation and &iled. The efibrts of our nearer ancestors to 
mterpret nature on engmeermg Imes proved equally madequate. 
Nature refused to accommodate herself to either of these man-made 
moulds On the other hand, our efforts to mterpret nature in terms 
of the concepts of pure mathematics have, so far, proved bnlhandy 
successful It would now seem to be beyond dispute that m some 
way nature is more closely alhed to the concepts of pure mathematics 
than to those of biology or of engmeermg, and even if the mathe- 
matical mterpietation is only a third man-made mould, it at least 
fits objective nature incomparably better than the two previously 
tned 

A hundred years ago, when saentists were trying to mterpret the 
world mechanically, no wise man came forward to assure them diat 
the mcchamcal view was bound to prove a misfit m the end— that 
the phenomenal umveise would never make sense until it was pro- 
jected on to a saeen of pure mathematics; had they brought forward 
a convmcmg argument to this cifect, saence migk have been saved 
much fruitless labour. If the philosopher now says: "What you have 
fiiund IS nothing new: I could have told you diat it must be so all the 
time," the saentist may reasonably inquire: "Why, then, did you 
not tell us so, when we should have found the mformadon of real 
value?” 

Our contention is that the umverse now appears to be mathe- 
matical m a sense different fiom any which Kant contemplated or 
possibly could have contemplated— in bnefi the mathematics enters 
die umverse fi:om above instead of firom below. 

In one sense it may be argued that everythmg is mathematicaL 
The simplest form of mathematics is anthmetic, the saence of 
numbers and quantities— and these permeate the whole of life. For 
instance, commerce, which consists Wgely of the anthmetical opera- 
tions of book-keeping, stock-taking and so on, is in a sense a madie- 
maucal occupation— but it is not m thus sense hat the umverse now 
appears to be mathematicaL 

Agam, every engineer has to be something of a mathematician, 
if he IS to cakulate and predict the m^rligTiical behaviour of bodies 
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\nth accuracy, he must use mathematical knowledge and look at his 
problems through mathematical spectacles— but agam it is not m this 
way that saence has begun to see the umverse as mathpinaMVal The 
mathematics of the engmeer difi^ from the mathematirit of the 


shopkeeper only m beir^ far more compleic. It is still a mere tool &r 
calculation, instead of evaluating stodt-m-trade or profits, it 
evaluates stresses and str ains or electnc currents 


On the other hand, Plutarch records that Plato used to say that 
God for ever geometnzes— ilA&raiv ‘ikeye tov debv ael yew/ierpetv— 
and he sets an imaginary symposium at work to discuss what Plato 
meant by this Clearly he meant somethmg quite diflfprmt m kinrl 
firom what we mean when we say that the banker for ever arith- 
metiaes Among the illustrations given by Plutardi are: that Pkto 
had said that geometry sets limits to what would otherwise be 
unlimited, and that he had stated that God had constructed the 


umverse on the basis of the five regular sohds — ^he beheved that the 
pamdes of earth, air, fire and^water had the shapes of cubes, octa- 
hedia, tetrahedra and icosahedra, while the umverse itself was shaped 
like a dodecahedron To these may perhaps be added Plato’s bdief 
that the distances of the sun, moon and plants were "m the propor- 
tion of the double mtervals,” by whic^ he meant the sequence of 
mtegers which are powers of either 2 or 5— namely 1, 2, 3, 4, 8, 9, 27. 

If any of these consideratioiis re tain any shred of vahdity today, it 
IS the first — ^the umverse of the theory of relativity is finite just 
because it is geometrical The id^ that the four dements and the 


umverse were m any way related to the five regular sohds was, of 
course, mere fancy, and the true dist ances of die sim^ moon and 
{Janets bear absolutdy no relation to Plato’s numbers. 

Two thousand years after Plato, Kepler spent much time and 
energy m trymg to relate the sizes of the planetary orbits to musical 
•mtervals and geometrical constructions, perhaps he, too, hoped to 
discover that the orbits had been arranged by a musiaan or a geo- 
meter. Indeed, at one time he beheved he had found that the ratios % 
of the orbits were related to the geometry of the five regular sohds 
If this supposed fiict had been known to Plato, what a proof he might 
have seen m it of the geometnzing propensities of the deity* K^lcr 
himself wrote* *‘Tte mtense pleasure I have received fiom this dis- 
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covery can nerer be told m words.” It need hardly be said that the 
great discovery was falkaous. Indeed, our modem mmds imme- 
lately dismiss it as ridiculous; we find it impossible to thmk of the 
solar system as a finished product, the same today as when it came 
firom ^e hand of its maker; we can only think of it as something 
continually changmg and evolving, woikmg out its own future firom 
Its past Yet if we can momentarily ^ve a suffiaently medieval cast 
to our thoughts, and imagme anything so fimafiil as tiiat Kepler’s 
conjecture should have been tme, it is dear that he would have been 
entitled to draw some sort of inference j&om it The mathematics 
which he had found m the universe would have been something 
more than he had himself put in, and he could legitimately have 
argued that there was inherent m the umverse a mathematics addi- 
tional to that whidi he had used to unravd its design; he might have 
argued, m anthropomorphic language, that his discovery suggested 
that the umvene had been designed by a geometer. And he need no 
more have troubled about tiie cntiasm that the mathematics he had 
discovered resided merely in his own mathematical spectacles, than 
the angler who catches a big fish by usmg a httle fish as bait need be 
worned by the comment. **Yes, but I saw you put the fish in 
youndf.” 

Let us take a more modem and less fimaful example of the same 
thmg Fifty years ago, when there vm much discussion on the prob- 
lem of commumcating with Mars, it was desued to notify the 
supposed Martians that thinkmg bongs existed on the p lanet: Earth, 
but the difficulty was to find a language understood by both parties. 
The suggestion was made tiiat the most suitable language was that 
of pure mathematics, it was proposed to hght chains of bonfires in 
the Sahara, to form a diagram iliustratmg the ffimous theorem of 
Pythagoras, that the squares on the two smaller sides of a right-angled 
tnai^e are together equal to the square on the greatest side To most 
of the inhabitants of Mars such signals would convey no meanmg, 
but it was argued that matiiematiaans on Mars, if sudi would 

surely recognize them as the handiwork of mathemat i cian;^ on earth, 
hi so domg, tiiey would not be open to the reproach that they saw 
mathematics m everythmg. And it seems to me that the situation is 
sunilar, mutatts mutandis, with the signals firom the outer world of 
St s T — n* 
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reality which form the shadows on the walls of the cave m which we 
are imprisoned. We cannot mterpret these as shadows cast by hving 
actors nor as shadows cast by a machme, but the pure mathematician 
recogmzes them as representmg the kmd of ideas with which he is 
already &miliar m his studies 

We could not, of course, draw any conclusion from this if the 
concepts of pure mathematics which we find to be inherent m the 
structure of &e umverse were merely part of, or had been mtroduced 
through) the concepts of apphed mathematics which we used to dis- 
cover the workmgs of the umverse. It would prove nothmg if nature 
had merely been found to act m accordance with the concepts of 
apphed mathematics; these concepts were speaally and dehberately 
designed by man to fit the workings of nature. Thus it may stdl be 
objected that even our pure nuithematics does not m actual &ct 
represent a creation of our own mmds so much as an effort, based on 
forgotten or subconscious memones, to understand the workmgs of 
nature If so, it is not surpnsmg that nature should be found to work 
accordmg to the laws of pure mathematics It cannot, of course, he 
demed that some of the concepts with which the pure mathematician 
works are taken direct firom his expenence of nature. An obvious 
instance is the concept of quantity, but this is so fundamental that it 
IS hard to imagme any scheme of nature from which it was entirely 
excluded Other concepts borrow at least somethmg from experi- 
ence, for instance, muln-dimensioiial geometry, which clearly ongi- 
nated out of expenence of the three dimensions of space If, however, 
the more mtncate concepts of pure madiematics have been trans- 
planted fixim the workmgs of nature, they must have been buned 
very deep mdeedm our sub-consciousmmcis This very ccmtroversial 
possibihty is one wbch cannot be entirely dismissed, but it is exceed- 
mgly hard to beheve that such mtncate concepts as a fimte curved 
space and an expandmg space can have entered mto pure mathemaucs 
through any sort of unconsaous or sub-consaous expenence of the 
workmgs of the actual umverse In any event, it can hardly be 
disputed that nature and our consaous mathematical mmds work 
accordmg to the same laws She does not model her behaviour, so 
to speak, on that forced on us by our whims and passions, or on that 
of our muscles and jomts, but on that of our thmkpig mmds. This 
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remains true whedier our mmds impress dieir laws on nature, or she 
impresses her laws on us, and provides a suffiaent justification for 
thinlcmg of the umvetse as bemg a madiematical design. Lapsmg 
back agam mto die crudely anthropomorphic language we have 
already used, we may say that we have already considered with dis- 
favour the possibihty of the umverse havmg been planned by a 
biologist or an engineer, firom die intrinsic evidence of his creation, 
the Great Architect of the Umverse now begins to appear as a pure 
mathematician 

Personally, 1 fed that this tram of thought may, very tentativdy, 
be earned a stage fiirther, although it is difficult to eiqpress it m exact 
words, agam because our mundane vocabulary is orcumsenbed by 
our mundane experience. The terrestrial pure mathematician does 
not concern himself with material substance, but with pure thought. 
His creations are not only created by thought but consist of thought, 
just as the creations of the engmeer consist of engmes. And the con- 
cepts which now prove to be fundamental to our understandmg of 
nature— a space which is fimte, a space whidi is empty, so that one 
pomt dii^ firom another soldy m the properties of die space itself, 
ffiur-dimensional, seven- and more dimensional spaces, aspace which 
for ever expands; a sequence of events which follows die laws of- 
probabihty instead of the law of causation — or, alternately, a sequence 
of events which can only be fuHy and consistendy described by 
gomg outside space and time — all diese concepts seem to my mind 
to be structures of pure thought, incapable of realization in any sense 
wbdh would properly be desenbed as material 

For mstance, any one who has wntten or lectured on the finitwiMjc 
of space is accustomed to the objection that the concept of a finite 
space IS sdfcontradictory and nonsensical If space is fimte, our 
ennes say, it must be possible to go out beyond this fimte space, and 
what can we possibly find beyond it except mote space, and so on 
ad which proves diat space cannot be finite Anr^ a gam 

they say, if space is expandmg, what can it possibly expand mto, if 
not mto more spaced— which agam proves that what is f»YpaT 1 ^^^ng 
can only be a part of space, so that the whole of space cannot 
^and. 

The twentieth-century cntics who make these comments arc still 
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in the state of mind of the mneteenth-century saentists, they take it 
for granted that the tmivetse must admit of matenal representation. 
If we grant their pr emiss es, we must, 1 think, also grant their condu- 
sion—that we are talkmg nonsen^— for iheir logic is irrefutable. But 
modem saence cannot possibly grant then condusion; it msists on 
the jBmtenessofspace at all costs This, of course, means that we must 
deny the premisses which our cntics unknowmgly assume. The 
umverse cannot admit of material r^resentation, and the reason, I 
think, is that it has become a mere mental concept. 

It IS the same, I think, with otho: more tedimcal concepts, typified 
by the “exdusion pnnaple,” which seem to imply a sort of “action- 
at-a-distance” in both space and time-~as though every bit of the 
umverse knew what other distant bits were domg, and acted accord- 
mgly. To my mmd, the laws which nature obeys are less suggestive 
of those which a madune obeys m its motion than of those which a 
musician obeys m wntmg a fugue, or a poet m composing a sonnet 
The motions of dectrons and atoms do not resemble those of the 
parts of a locomotive so much as those of the dancers m a cobUion 
And if the “true essence of substances” is for ever unknowable, it 
does not matter whether the cotilhon is danced at a ball in real hfe, 
or on a cinematograph screen, or m a story of Boccacao If all this 
IS so, then the umverse can be best pictured, although soil very 
imperfecdy and madequatdy, as consistmg of pure hought, the 
thought of what, for want of a wider word, we must descnbe as a 
mathemaocal thinker. 

And so we are led into the heart of the problem of the rdaOon 
between mmd and matter Atomic disturbances m the chstant sun 
cause It to emit hght and heat After ”travdhng through the ether” 

/ for eight nunutes, some of this radiation may fall on our eyes, causmg 
a disturbance on the retma, which travels along the opoc nerve to 
the bram. Here it is perceived as a sensaoon by the mmd, this sets 
our thoughts m acoon and results m, let us say, poeoc thoughts 
about the sunset There is a contmuous chain, A, B, C, D . . . X, Y, Z, 
connecting A the poetic thought— through B the thinking mmd, C 
the bram, D the optic nerve, and so on— with Z the atomic dis- 
turbance m the sun The thought A results from the distant disturb- 
ance Z, just as the ringing of a bell results from pulling a chstant 
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bell-rope We can understand how pulling a material rope can cause 
a material bell to rmg, because there is a matenal connexion all the 
way. But it is far less easy to see how a disturbance of material atoms 
can cause a poetic thought to ongmate, because the two are so 
entirely dissunilar m nature. 

For this reason, Descartes insisted that there could be no possible 
connexion between mmd and matter. He beheved they were two 
entirely distinct kmds of entity, the essence of matter bemg extension 
m space, and that of mmd bemg thought. And this led him to mam- 
tam that there were two distinct worlds, one of mmd and one of 
matter, running, so to speak, mdependent courses on parallel rails 
without ever meeting. 

Berkeley and the idealist philosophers agreed with Descartes that 
if mind and matter were fundamentally of difierent natures they 
could never interact But they insisted that they continually do mter- 
act Therefore, they argued, matter must be of the same nature as 
mmd, so that, m the terminology of Descartes, the essence of matter 
must be thought rather than extension. Expressed m detail, their 
contention was that causes must be essentially of die same nature as 
their effects; if B on our cham produces A, then B must be of the 
same essential nature as A, and C as B, and so on Thus Z also must 
be of the same essential nature as A Now die only links of the cham 
of which we have any direct knowledge are our own thoughts and 
sensations A, B; we know of the existence and nature of the remote 
links X,Y, Z only by mfcrence— from the eflhcts they transmit to 
our minds through our senses. Berkdey, maintaining that the un- 
known distant links X,Y^Z must be of the same nature as die known 
near links A, B, argued that they must be of the nature of thoughts 
or ideas, “smce after all there is nothing like an idea except an idea.” 
A thought or idea cannot, however, exist without a mmd m which 
to exist We may say an object exists m our mind s while we are 
consaous of it, but this will not account for its existence during the 
trnie we are not consaous of it The planet Pluto, for instance, was 
m existence long before any human mmd suspected it, and was 
recording its existence on photographic plates long before any human 
eye saw it Considerations such as foese led Berkdey to postulate an 
Eternal Bemg, m whose mmd all objects existed. And so, m die 
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Stately and sonorous diction of a bygone age, be summed up bis 
philosophy m the words : — 

All die choir of heaven and furniture of earth, in a word all those bodies 
which compose die mighty finme of the world, have not any substance 
without the mind. ... So long as they are not actually perceived by me, or 
do not east m my mmd, or that of any other created spint, they must either 
have no existence at all, or else subsist m the mind of some Eternal Spirit 

Modem saence seems to me to lead, by a very dif^ent road, to 
a not altogether dissimilar conclusion Biology, studymg the con- 
nexion between the earlier links of the chain, B, C, jD, seems to be 
movmg towards the conclusion that these are all of the same goieral 
nature. This is occasionally stated m die spedhc form that, as biolo- 
gists bebeve C, D to be mechaniod and matenal, A, B must also be 
mecbamcal and material, but apparendy there would be at least equal 
warrant for stating it m the form that as ^ B are mental, C, D, must 
also be mental Physical saence, troublmg btde about C, D, proceeds 
direcdy to the far end of the cbam, its busmess is to study the work- 
mgs of X, y, Z And, as it seems to me, its conclusions suggest that 
the end links of the chain, wheth^ we go to the cosmos as a whole 
or to the mnermost structure of the atom, are of die same nature as 
A, B— of the nature of pure drought; we are led to the condosions 
of Berkeley, but we reach them hrom the other end. Because of this, 
we come upon the last of Berkeley's three alternatives first, and the 
odieis appear unimportant by comparison It does not matter whe- 
ther objects “exist m my mmd, or diat of any odier created spint” 
or not; dieir objectivity arises fi:om their subsisting “m the mind of 
some Eternal Spint “ 

This may suggest thatweareproposmg to discard realism entirely, 
and enthrone a thoroughgomg ide^sm m its place. Yet this, I think, 
would be too crude a statement of the situation Ifit is true that die « 
“real essence of substances” is beyond our knowledge, then the Ime 
of demarcation between realism and idealism becomes very blurred 
indeed, it becomes htde more than a rehc of a past age m winch 
reahty was beheved to be identical with mechanism Objective reah- 
ties exist, because certam dungs afiect your consaousness and inme 
in die same way, but we are assuming somedung we have no nght 
to assume if we label them as cither “real” or “ideal ” The true label 
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IS, I dunk, ‘‘mathematical,” if we can agree that this is to connote the 
whole of pure thought, and not merely die studies of the professional 
mathematician Such a label does not imply anythmg as to what 
ttiingg are m their ultimate essence, but merely something as to how 
they behave 

The label we have selected does not, of course, relegate matter 
into the category of hallucmation or dreams The material muverse 
remains as substantial as ever it was, and this statement must, I dunk, 
remam true through all changes ofsaentific or philosophical thought 
For substantiahty is a purdy mental concept measunng die direct 
fffprt of objects on our sense of touch We say that a stone or a 
Tpotor car is substantial, while an ^ho or a rambow is not This is 
the ordinary defimtion of the word, and it is a mere absurdity, a 
contradiction m terms, to say that stones and motor cars can m any 
way become insubstantial, or even less substantial, because we now 
associate them with mathematical formulae and thoughts, or kmks m 
empty space, rather than with crowds of hard particles. Dr. Johnson 
is reported to have expressed his opmion on Berkeley’s philosophy 
by dashmg his foot agamst a stone, and saymg. ‘‘No, sir, I disprove 
It thus ” This htde expenment had, of course, not the slightest bear- 
on the philosophcal problem it claimed to solve, it merely 
verified the substantiahty of matter. And, however science may pro- 
gress, stones must always remam substantial bodies, just because they 
and their class form the standard by which we define die quahty of 
substantiahty. 

It has been suggested that the lexicographer might really have dis- 
proved the Berkdeian philosophy if he had chanced to kick, not a 
stone but a hat, m wb^ some small boy had surreptitiously placed 
a bnck, we are told that ‘‘the element of surprise is sufiiaent warrant 
for external reahty,” and that ‘‘a second warrant is permanence with 
change— permanence m your own memory, change m extemahty.” 
This, of course, merely disproves die sohpsist error of ‘‘all tbs is a 
creation of my own nund, and exists m no other mmd,” but it is 
hard to do anythmg m life wbch does not disprove tbs The argu- 
ment fixim surprise, and firom new knowledge m general, is power- 
less s^amst the concept of a umversal mmd of wbch your mmd and 
mine, the mmd wbch surprises and diat wbch is surprised, are units 
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or even excrescences. Each individual brain cell cannot be acquainted 
witli all tbe diougbts which aie passmg ihrougb the brain as a whole 
Yet the &ct that we possess no absolute extraneous standard against 
whidi to measure substantiahty does not preclude our saying that 
two things have the same degree, or different degrees, of substan- 
tiahty. If I dash my foot against a stone in my dreams, I shall probably 
waken up with a pam m my foot, to discover that the stone of my 
dreams was hterally a creation of my mind and of mine alone, 
prompted by a nerve-impulse originating m my foot This stone 
may typify the category of hallucmatiQns or dreams; it is clearly less 
substantial than that which Johnson kicked Creations of an mdivi- 
dual mmd may reasonably be called less substantial than aeations of 
a universal mmd A similar distinction must be made between the 


space we see in a dream and the space of everyday h&; the latter, 
which IS the same for os all, is the space of the universal mmd. It is , 
the same with time, the time of wakmg hfe, which flows at die same 
even rate for us all, bemg the time of the universal mmd. Agam we 
may think of the laws to which phenomena confliim in our waking 
hours, the laws of nature, as the laws of thought of a umversal mmd* 
The uniformity of nature proclaims the self-consistency of this 
mind 


This concept of the umverse as a world of pure thought throws a 
new hght on many of the situations we have encountered m our 
survey of modem physics. We can now see how the ether, in which 
all the events of the umverse take place, could reduce to a mathe- 
matical abstraction, and become as abstract and as mathematical as 
parallels of latitude and mendians of longitude. We can also see why 
energy, the fundamental entity of the umverse, had agam to be 
treat^ as a mathematical abstraction— the constant of mtegration of 


a diflerential equation 

The same concept imphes, of course, that the final truth about a 
phenomenon resides in the mathematical descnption of it, so long 
as there is no imperfection m this our knowledge of the phoiomenon 
IS complete We go beyond the mathematical formula at our own 
risk, we may find a model or picture whidi helps us to understand 
it, but we have no right to expect this, and our Mure to find such a 
model or picture need not indicate that either our reasoning or our 
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knowledge is at &ult The maku^ of moddis or pictures to ei^lain 
mathematical formulae and the phenomena they descnbe, is not a 
step towards, but a step away from, reahty; it is like makmg graven 
images of a spint And it is as unreasonable to eicpect these vanous 
models to be consistent with one another as it would be to eicpect 
all the statues of Hermes, representing the god m all his vaned acti- 
vities— as messenger, herald, musidan, thief and so on— to look alike. 
Some say that Hermes is the wmd; if so, all his attnbutes are wrapped 
up m his mathematical description, which is neidier more nor less 
than the equation of motion of a compressible flmd. The mathe- 
matician know how to pick out the diJS^ent aspects of this 

» 

the creation of musical tones, die blowing away of our papers, and 
so forth. He will hardly need statues of Hermes to remmd him of 
• them, aldiough, if he is to rely on statues, nothing less than a whole 
row, all diSerent, will suffice. All thesame, some mathematical physi- 
cists are still busily at work makmg graven images of the concepts 
of the wave-mechamcs 

In bnefj a mathematical formula can never tell us what a thing is, 
but only how it behaves; it can only specify an object through its 
properties And these are unhkdy to coinade m toto with the 
properties of any single macroscopic object of our everyday life. 

This pomt of view brmgs us r^df from many of die difficulties 
and apparent inconsistenaes of present-day physics. We need no 
loiter discuss whether light consists of particles or waves; we know 
all there is to be known about it if we have found a mathemadcal 
formula which accurately descnbes its behaviour, and we can think 
of it as either particles or waves according to our mood and the 
convemence of the moment On our days of thinkii]^ of it as waves, 
we may if we please imagme an ether to transmit the waves, but this 
ether wiU vary from day to day; we have seen how it will vary each 
tune our speed of motion varies In the same way, we need not dis- 
cuss whether the v^ve-system of a group of Petrous exists in a 
three-dimensional space, or m a many-dimensional space, or not at 
all. It exists m a mathematical fr>rmula; this, and nothmg else, e:q>ress- 
es the ultimate reality, and we can picture it as representmg waves in 
three, six or more dunensions whenever we so please. We can also 
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interpret it as not representing waves at all, in so doing we shall be 
following Heisenberg and Dirac. It is generally simplest to mterpret 
It as representmg waves m a spa<% having diree dimensions for each 
electron, just as it is simplest to mterpret the macroscopic imiverse as 
an array of objects m three dimensions only, and its phenomena as 
an array of events m four dimensions, but none of these mterpreta- 
tions possesses any umque or absolute vahdity 

On this view, we need find no mystery m the nature of the rollmg 
contact of our consaousness.with the empty soap bubble we caU 
spac&-time (p 80 ), for it reduces merely to a contact between nund 
and a creation of nund— like the reading of a book, or listeiung to 
music It IS probably unnecessary to add that, on this view of thmgs, 
the apparent vastness and emptmess of the umverse, and our own 
insig^cant size therem, need cause us neither bewilderment nor 
concern We are not terrified by the sizes of the structures which our 
own thoughts create, nor by those that others imagme and descnbe 
to us InDuMauner’sstory, Peter IbbetsonandtheDuchessofTowers 
cononued to budd vast dream-palaces and dream-gardens of ever- 
mcreasmg size, but felt no terror at the size of their mental creations. 
The immensity of the umverse becomes a matter of satisfaction rather 
than awe, we are atizens of no mean aty. Again, we need not puzzle 
over the fimteness of space, we fedno curiosity as to whathes beyond 
die four walls which bound our vision in a dream. 

It IS the same with time, which, like space, we must think of as of 

fimte extent As we trace the stream oftune backwards, we encounter 

many mdicanons that, after a long enough journey, we must come 
to its source, a time before which the present umverse did not exist 
Nature firowns upon perpetual motion machines and it is d prim very 
unlikely that her umverse will provide an example, on die grand 
scale, of die mechanism she abhors. And a detailed consideration of 
nature confirms this The saence of thermodynamics explains how 
everythmg m nature passes to its final state by a process which is 
designated the “mcrease of entropy.” Entropy must for ever mcrease* 
it cannot stand still untd it has mcreased so far that it can increase 
no further. When this stage is reached, furtherprogresswillbeimpos- 
siblc, and the umverse will be dead Thus, udess this whole branch 
of saence is wrong, nature permits herself, quite hterally, only two 
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alternatives, progress and death* the only standmg still she pemuts is 
in the stillness of the grave 

Some saentists, although not, 1 think, very many, would dissent 
firom dus last view. While they do not dispute that the present stars 
are melting away mto radiation, they mamtain that, somewhere out 
m the remote depths of space, this radiation may be reconsohdating 
itsdf agam mto matter A new heaven and a new earth may, they 
suggest, be in process of beir^ bmlt, not out of die ashes of the old, 
but out of die radiation set free by the combustion of the old In this 
way they advocate what may be descnbed as a cychc umveise, while 
it dies m one place the products of its death are busy producing new 
life m others 

This concept of a cychc universe is entirdy at vanance with the 
well-established prinaple of the second law of thermodynamics, 
which teadies diat entropy must for ever mcrease, and that cychc 
umverses are impossible m the same way, and for much the same 
reason, as perpetual motion machmes are impossible. That dus law 
may fail under astronomical conditions of winch we have no know- 
ledge IS certamly conceivable, although I imagme the majonty of 
senous saentists consider it very improbable There is, of course, no 
denymg that the concept of a cychc umverse is i&r the more popular 
of the two. Most men find the final dissoludon of the umverse as 
distasteful a thought as the dissolution of their own personality, and 
man’s stnvmgs after personal immortahty have their macroscopic 
counterpart m these more sophisticated stnvmgs after an imperish- 
able umverse. 

The more orthodox saentific view is that the entropy of the um- 
verse must fi)r ever mcrease to its final maxunum value It has not 
yet reached this we should not be thinkmg about it if it had. It is 
Still mcreasmg rapidly, and so must have had a begmmng; there must 
have been what we may descnbe as a “creation” at a time not 
mfimtely remote. 

If the umverse is a umverse of thought, then its creation must have' 
been an act of thought Indeed the fimteness of time and space almost 
compel us, of themselves, to picture the creation as an act of thought, 
the determination of the constants such as the radius of the umverse 
and the number of electrons it contamed imply though^ whose nch- 
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ness IS measured by the immensity of these quantities. Time and 
space, which form the setting for the thought, must have come mto 
bemg as part of this act Primitive cosmologies pictured a creator 
workmg m space and time, forging sun, moon and stars out of aheady 
existent raw material. Modem saentific theory compels us to think 
of die creator as working outside time and space, which are part of 
his creation, just as the artist is outside his canvas. It accords with the 
conjecture of Augustine* “Non m tempore, sed cum tonpore, fimat 
Deus mundum ’* Indeed, the doctnne dates back as far as Plato : — 

Time and tke heavens came into bang at the same mstant, m order that, if , 
diey were ever to dissolve, they might be dissdved togedier Sudh was the 
mmd and thought of God m the creation of time 

And yet, so htde do we undeistand time that perhaps we ought to 
compare the whole of time to the act of creation, the materialization 
of the thought 

It may be objected that our whole argument is based on die 
assumption that the present mathematical mteipretation of the phy- 
sical world IS m some way umque, and wiU prove to be final To 
resume our metaphor, it may be said that to descnbe the reahty as 
a game of chess is only a convement fiction: other fictions nught 
descnbe the motions of the shadows equally wdQ. The answer is that 
so fin as our present knowledge goes, other fictions would not des- 
cnbe them so fully, so simply, or so adequately. The man who does 
not play chess says: “A piece of white wood, carved to look rather 
like a horse's head stuck on a pedestal, was taken firom the bottom 
square next but one to the nght-h^d comer and moved to . . . 
and so on. The chess-player says: “White: Kt to KBS," and Lis 
account not only eiqilams the move fully and bnefly, but also relates 
it to a larger scheme of things. In saence, so long as our knowledge 
remams mcomplete, the sunplest explanation cames conviction m 
proportion to its sunphaty. And it has ment beyond that of mere 
simphaty. it has the highest probabihty of bemg the true explana- 
tion Thus while it must be fully admitted that the mathematical 
explanation may prove neither to be final nor the simplest possible, 
we can unhesitatingly say that it is the simplest and most complete so 
found, so that, relative to our present knowledge, it has the 
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greatest chance of being the e^lanation wbch hes nearest to the 
truth. , 

Some readers maynotassentto this, on the grounds thatthepresent- 
day tnathematical mterpretation of nature is hkely to prove a mere 
half-way house to a new mechamcal mterpretation. Our modem 
mmds We, I thinlc, a bias towards mechamcal mterpretations Part 
may be due to our early saentific trammg; part perhaps to our con- 
tmually seemg everyday objects behavmg m a mechamcal way, so 
that a mechamcal eicplanation looks natural and is easily compre- 
hended Yet in a completely objective survey of the situation, the 
outstandmg &ct would seem to be that mechamcs has already shot 
its bolt and has Med dismally, on both the soentific and philosophical 
side If anythmg is destined to repine mathematics, there would seem 
to be specially long odds agamst it bemg mechamcs 

It is too often overlooked that we can only discuss these questions 
m terms of probabihties The man of saence is accustomed to the 
reproach that he changes his views all the time, with the accompany- 
mg imphcation that what he says need not be taken too senously. 
It is no trae reproach that m exploring the nver of knowledge he 
occasionally goes down a backwater instead of continumg along the 
mam stream, no explorer can be sure that a backwater is such, and 
nodimg more, until he has been down it What is more senous, and 
beyond the control of the explorer, is that the nver is a wmdmg one, 
flowmg now east, now west At one moment the explorer says: "1 
am going downstream, and, as I am going towards the west, the 
ocean which is reahty seems most likely to he in the westerly direc- 
tion ” And later, when the nver has turned east, he says- “It now 
looks as though reahty is m the east” No saentist who has hved 
through the last thirty years is hkely to be too dogmatic either as to 
the future course of the stream or as to the direction m which reahty 
hes* he knows from his own expenence how the nver not only for 
ever broadens but also repeatedly winds, and, after many disappomt- 
ments, he has given up thinkmg at every turn that he is at last m 
the presence of the 

munnuts and stints of the infinite sea 
With this caution in mmd, it seems at least safe t» say that the nver 
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of knowledge has made a sharp bend in the last few years. Thirty 
years ago, we thought, or assumed, diat we were hea^g towarch 
an ultimate reahty of a mechamcal kmd It seemed to consist of a 
fortmtous jumble of atoms, which was destined to perform mean- 
ingless dances for a time under the action of blind purposeless forces, 
and then &11 back to form a dead world. Into this wholly mechanical 
world, through the play of the same blind forces, life had stumbled 
by acadent. One tmy comer at l^t, andpossibly several tmy comers, 
of this umverse of atoms had chanced to become conscious for a 
tune, but was destmed m the end, stiU under th^ action of blind 
mechamcal forces, to be hrozen out and again leave a hfeless world. 

Today diere is a wide measure of agreement, which on the physical 
side of saence approaches almost to unanimity, that the stream of 
knowledge u headmg towards a non-mechamcadl reahty; the umverse 
begins to look more like a great thought than hke a great machme. 
Mind no longer appears as an acadental intrader into the realm of 
matter, we are beginning to suspect that we ought rather to had it as 
the aeator and governor of the realm of matter— not, of course, our 
mdividual mmds, but the mmd m which the atoms out of which 
our mchvidual mmds have grown exist as droughts 

The new knowledge compels us to revise our hasty first impres- 
sions that we had stumbled mto a umverse which either did not 
concern itself with hfe or was actively hostile to life The old dualism 
of mmd and matter, which was maiily responsible for the supposed 
hostihty, seems likely to disappear, not through matter beconung m 
any way more shadowy or insubstantial than heretofore, or through 
mmd beconung resolved mto a function of die workmg of matter, 
but through substantial matter resolvmg itself mto a creation and 
manifestation of mmd. We discover that the umverse shows 
evidence of a designing or controlling power that has some- 
dung m common with our own mdividual mmds— not, so fer as we 
have discovered, emotion, morahty, or aesthetic appreciadon, but 
the tendency to dunk in the way which, for want of a better word, 
wc describe as mathematical And while much m it may be hostile 
to the material appendages of life, much also is akm to the funda- 
mental activities of life; we are not so much strangers or mtrudeis 
in the umverse as we at first thought. Those mert atoms m the 
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pmneval slime wbch first began to foreshadow the attnbutes of life 
were puttmg themselves more, and not less, m accord with the 
fimdamental nature of the umvene. 

So at least we are tempted to conjecture today, and yet who knows 
how many more times the stream of knowledge may turn on itself? 
And with this reflection before us, we may well condude by addmg, 
what might well have been mterlmed into every paragraph, that 
everythmg that has been said, and every condusion diat has been 
tentatively put forward, is qmte fiankly speculative and uncertain. 
We have tned to discuss whether present-day saence has anything 
to say on certain difficult questions, which are perhaps set ffir ever 
beyond the reach of human understandmg. We cannot daim to have 
discerned more than a very &mt glimmer of hght at the best; perhaps 
It was wholly lUusory, for certainly we had to strain our eyes very 
hard to see anythmg at all. So that our mam contention can hardly 
be that the saence of today has a pronouncement to make, perhaps it 
ought rather to be ffiat saence should leave off making pronounce- 
ments. the nver of knowledge has too often turned back on itself 
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CHAPTER ONE 


INTRODUCTION 

Z OOLOGY OR ANIMAL BiOLOGYisthatbrandbiofsaencewluch 
deals with animals . About half a. milhon difiPerent sorts or speaes 
of animals have already been descnbed and named, each breedmg 
true to Its own special characteristics, each dififerent &om all others. 
The number of h:esh speaes discovered, descnbed and nam ed every 
year is about two hundred, and this number is at present increasing, 
not decreasmg, year by year. 

Animals mhabit sea, fijesh water, land, and air, or they may hve on 
or m the bodies of other animals or plants Their range of size is 
enormous The malar ial parasite is so small as easily to inhabit the 
interior of a human red blood corpuscle, of which five milli on are 
normally contamedinacubicmi]limetreofblood;*whilediesulphur- 
bottom whale {Balaenoptera stilphurais), the largest anim al known, 
may reach a length of 95 feet and a weight of 147 tons, or nearly three 
times as much as most express engines (Fig 92). Their shape is as 
vanous as then habits or their size Some, hke certam radiolana, form 
beautiful geometncal designs; others are almost shapeless, like many 
parasites (Fig. 1) and sponges, some resemble plants (Fig 69), still 
others, such as the nematode worms, look hke long threads; let alone 
all those innumerable shapes of bird and fish and mammal, crab and 
spider and insect, that we all know. 

It is obvious that any study of all these creatures, their structure 
and mode of workmg, their habits and then history, will soon give 
us an enormous body of &cts which wnll be overwhdbnmg unless 
we classify them properly Broadly speaking, we want, first of all, to 
find out how a particular animal works, considered as a piece ofhvmg 
mechanism; and to compare the ways of workmg of various animals. 
That is animal physiology. And secondly, we want to know all we 
can about the structural plan of animals, to know how that structure 
develops, and to compare the structure of di&rent animals . That is 
animal morphology, the saence of fi>rm Finally, we want to under- 
stand, if possible, how and why it is that the difierent mdividuals and 
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speaes of animals are what they are— their history and as much as 
possible of the causes of that history. That is the science of animal 
evolution and heredity, sometimes called genetics (although this 
term is often restncted to heredity alone) 

There remains the problem as to the fundamental difiTerence 
between plants and animals Why do we call tbs organism a plant, 
this other organism an animal? Most people would not hesitate, but 
would say that the animal moved while the plant did not, that the 
animal was consaous while the plant was not, that the ammal 
devoured its food while the plant absorbed its nutnment from its 
surroundmgs None of these cntena, however, is absolute Many 
ammals, like coral polyps or sea squirts, are as rooted to the spot as 
most plants; while some undoubted plants move about He would 
be a very bold man who asserted that a sponge, an undoubted ammal. 



Fig 1 Parasitism and lecapituhbon as illustrated by tiie Cnistacean paiaate 

Sacciilina (i) Sacculina devdopmg inside a spider crab (Ihadnis) Hie 
mid-gut of the spider crab is shown, with the parasite overlymg it (X2) n, 
body-rudimcnt of the parasite, r, its “roots,” by which it sucks nutciment 
&om the tissues of its host (u) Development of Sacculina (a) Earhest free 
swimmmg stage or Nauphus with three pairs of appendages hi dus stage it 
doscly resembles the larvae of many other Crustacea, (b) Later stage, m which 
It attaches itsdf to its host ^nagnified) iCambndffe Natural History, iv, 1909.) 
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possessed a higher level of consaousness dian a mushroom or a 
wallflower; while many animal parasites absorb dieir fliod from tbe 
medium which bathes them. 

As a matter of flict, the only i^d distinction between plants and 
ammals is concerned with the type of foodstuffs whidh they can 
utilize. All organisms, plant or animal, need carbon, hydrogen, 
mtrogen, and oxygen to build the bulk of their bodies. Green plants 
can, with the aid of sunhght, obtam carbon flrom the carbon dioxide 
of the air or water m wbch they hve. They can obtam theur hydrogen 
&om water and salts, their oxygen (hrecdy&om the air, theirnitrogen 
flrom simple mineral salts like mtintes. In other words, the green plant 
can build up hving protoplasm firom elements and the simplest 
compounds Every particle of hving matter added to a green plant 
means the creation of a new kmd of material combination. Animals, 
on the other hand, cannot achieve this synthesis. They have to be 
provided with highly elaborate compounds, aU of whidi m die long 
run owe their existence to die manu&ctunng powers of plants. An 
animal cannot obtam its carbon j&om any compound less complex 
than a sugar, a starch, or a flit; for its mtrogen it must be provided 
with proteins, or at least with the constituent parts of proteins known 
as ammo-aads, which are already of considerable complexity. 
Animals are m the long run always dependent upon green plants; 
diey are, one m^ht almost say, parasitic upon plants. Green plants 
by die same token are parasitic upon the sun; diey hve by steahng 
energy horn his rays 

There are other plants besides green plants: flmgi and bactena 
contam no chlorophyll Most fungi are as dependent as are animals 
upon the previous activities of 6ther organisms; they can only hve 
where decay has provided them widi raw matenals. But even so they 
are not so hdpless as animals, and can obtam their food flrom less 
complex compounds 

Among die bacteria are forms which show qmte extraordinary 
modes of nutation The most mteresting are those which can threcdy 
fix and utilize the mtrogen of the air, a process for whose accomplish- 
ment man has to apply enormous stores of energy Others can utilize 
carbon dioxide as their source of carbon without making use of 
chbrophylL Still others can live without free oxygen, and obtain all 
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they want from chemical compounds. However, the great bulk of 
the food cyde of the world starts with the activities of green plants, 
and all animals, all fungi and most bacteria are m a very real sense 
dependent upon the green plants* chlorophyll 
This IS the basic distmction between animals and plants, and all the 
differences with which we are so frmiliar, between higher and 

higher animals, are purely secondary The fret that green can 
obtam food from water and air, without special search, has led to 
their developing great feeding surfrees— su^ as the leaves and the 
roots — ^in air and water respectively. The fret that ammalg have to 
find their food ready*‘made has led to their developing Twnnths and 
stomachs to catch and hold the food, and limbs to move from place 
to place m search of more. The fret of locomotion has in its tnm 
made necessary the development of sense organs and nervous system 
and brain. But all hmges on the firet and most vital diffrrftnrft 
Even so, there are some types, among the simplest and smallest 
creatures, which share animal and plant characteristics, being able 
both to take m sohd food like a typical animal^ and to build up fixid 
from simple morgamc substances hkc a green plant Such examples 
only show the impossibility of drawmg hard and frst hues m Nature. 

But these are all generahties, and m order to be able to deal properly 
with what is general, we must have a good acquamtance widi the par- 
ticular. The best way of domg this will be to take a single speaes of 
animal and describe its structure and working m broad outhne For ' 
our purpose any one of the higher animals would really serve, but on 
account of the ease with which it can be obtained, its convement size, 
and the resemblance of its general structure and fimctions to those of 
man, we will take the frog as our mtroductory type, while man will 
be taken later to illustrate physiology m more dprad 


Tile General Anatomy and Physiology of die Frog. 

At first reading, the statement that frogs resemble men m any 
important degree may perhaps raise a smile It is nevertheless true 
We can recognize m the frog a great many parts diat exist in oursdves, 
arranged moreover in the same way. A frog possesses a head, a trunk, 
and fore- and hmd-lunbs The nostrils, eyes, ear drums and mouth are 
arranged m the same relative positions as m our head If we look at 



PLATE 1 



(i) Skeletons of man and horse, w ith outline of the bodies, to show the corres- 
pondence of general plan e, elbow , B, heel , K, knee , p, pelvis , sh, shoulder- 
blade , r, tail vertebrse , w, wnst 



ful PhotoBraph of skeletons of the small, ancestral horse Eohippus the 
Eocrae, MBhIour toes on the fore-foot, and of the Miocene horse Hpohippus, 
Stoe toes on each foot, the central toe the argwt The later f^ shows 
increase of size, and of rdaUve length of limbs and neck 


Di 




PLATE 2 



e s , incemai evtensions oi the skeleton overarching the nerve-cord , ga , aperture of oviduct , ggl , cxcrctor> 
organ, M , heart, with aperture from surrounding blood space, t aa , ventral abdominal artery, tn , mouth, 
a/t , artery to eyes , ov , ovary , prv , py , gastric mill, with grinding teeth and strainmg apparatus , R, rostrum 
or sharp projection of head , sa a , dorsal abdominal artery , sg , brain (supra-cssopbageal ganglion) ,st a , mid-gut, 
w ith aperture of duct of digestive gland , si , sternal artery The ventral nerve-cord and ganglia arc just over t aa 
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PLATE 4 



The early devdopment of a tailed amphi lan (Urodde) A, egg dunog the 
divisioa iato tivo cdls , b, four-cell stage , , beginning of s»teen-c^ sttge . 
D, s, later segmentation , f, blastula , c, n urm fdds have appes^ (floreai 
view, head to r ) , h, neural folds dosmg i, neural fdds closed to lom 
neural tube (oblique dorsal view, head to ) , j, ftom the r side HMd ana 
tail shandy marked off from jolk-mass T e ate scot in the neck 
region, the musdesegments on the fore-par rfthetrunk k. later stage, bpot 

ther side and upside-down The tail hu own, and has developed vrara 

and dorsal fins Fore- and hind-limb bu s visible, yolk-ma w td Miyeiy 
smaller , three tufted gills m the neck regio i., a similar stage, firoin dciot 
I n front of the giUs in the middle Imc is th mouth, with the iwe-rudiments 
just in front of it (Smallwood, W », the ^ntmar, 1922 1 
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PLATE 6 



(i) Micro*photograph ( x 150] of a section through the ovary of a mammal 
(cat) At A, a medium-sized oocyte (muuature ovum) surrounded by a folhde 
one cell layer thick At b, a luger oocyte, its fomde has become several 
layers thick, and a cavity containmg fluid has been formed m it In the 
oocytes at a and b the large nudeus can be seen \t r, a very young oocyte 
D, the edge of tl)e ovary, bounded by a layer of gemunal ^ithehum (Photo 

by D A Kempson ) 



(ii) Section across the testis of a mammal (rat) Note that it is composed (rf 
a senes of little tubes, rounded in cross section Their walls are composed 
of germ-cells (sperm-producing c^) Towards the centre may be seen npe 
sparm, tbcir tails in the hollow of the tubes, their heads still mostly attached 
to cells in the w alk Between the tubes may be seen small patches of mter- 
stitial tissue (Photo by D A Kempson) 





PLATE 7 



(i) To illustrate the results of crossing tuo pure-bred strains of fouls, splashed- 
uhite and black Px, the parents, F|, the first hvbnd generation, all indniduah 
of which are alike, of a bluish-black ^ade, F„ the second h\bnd generation, 
derived by mating Fj individuals together Segregation is here shown, there bemg 
on the average one-quarter splash^-uhite like the q>]ashed-u bite parent, one- 
quarter black like the black parent, and one-half blue like the F, 



(ii) A pau: of identical turns (from Battle Creek, Mich , U S A ), 
uho, although they u ere separated at three \ears of age and ha\e 
smce then alu aj s lived apart, have still retamed an extremdy close 
resemblance to each other, oning to their identical her^itar} 
constitutions 
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Mitosis, as illustrated by the fertilized egg of the round worm Asains megalo- 
cephala, from the intestme of the horse, which possesses two pairs of chromo- 
somes (From untouched micro-photographs by D A Kempson ) (a) Immature 
(unfertilized) egg with nucleus m “restmg” phase [b) Fertihzation has just 
occurred The nudei of egg and sperm are approaching each other The chromo- 
somes have begun to appear (spireme stage) (c) Side view of the equatorial 
plate stage of the first division of the fertilized egg The spmdle is clearly ^en 
with the centrosomes and asters at its two ends The chromosomes Mve 
arranged themselves round its equator (d) End view of the same stage The 
four chromosomes are clearly visible 
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(e) Side view of a slightly later st^ The cbiDmosomes ha^e non split longi- 
tudinally (g) “Telophase" stage The two sets of chromosomes have moved 
apart to the two asters, the cell is deeply constncted (A) Tno-cell stage The 
egg has completely dinded mto two cells , m either cell the chromosomes ha\ e 
jomed up to form a “restmg" nucleus (t) Begmnmg of second cleavage 
Mitosis has begun m both cells , one is so vien ed as to shon that four diromo- 
somes have agam appeared In all figures the egg is hing m a space mthin a 
thick, transparent egg-membrane or shdl In and (g) the two polar badtes 
are visible on the surface of the »g The magnification for all eicept (e) is x 750 

For (a), X 1,000 
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Gill slijbs 


Heart 


Fore 
limb bud- 


Hmd 

limb bud 


Remains oF amnion 

Ey€ 


Hind b.rair 



,Mid- 
brain 

O-C c 

in U 0(iz 

sis? 

iwMlantois 

Blood 
vessels 
^toyolk ^ 


B 

Embryo chicks of about thirty -six hours' and four days' incubation 
respectively Both x 8 (a) has been stained and is photographed by 
transmitted hght In it about sixteen muscle segments have been 
formed, the three mam divisions of the bram are visible, with the 
eye vesicles growmg out from the fore-bram The heart can be sera, 
together with a network of small blood-vessels over the yolk m the 
outer region of the blastoderm (b) has not been stamed and is photo- 
graphed as an opaque object by reflected light The ammon has b^ 
removed (small traces of it are left m the head The mbrra 

rests on its left side, and the head has bent over The limb buds, m- 
slits, and allantois can be seen The blastoderm m one place has 
rolled o\cr, showing the nay the blood-vessels run on its loiver 
surface, next to the yolk (Photos by D A Kempson ) 



PLATE 11 


Sight, an early human 
embr^, 7 1 mm long, 
still enclosed m 
embr>onic membranes 
The yolk-sac is bdon, 
connected with the 
embryo by the umbi- 
lical stalk The embryo 
hes inside the ammon, 
whose cavity it now 
nearly fills The chor- 
ion IS outside, and from 
part of it project tufts 
contammg blood-ves- 
sels, whidi constitute 
the embrvonic part of 
the placenta The gill- 
dits are seen at the side 
of the neck, and the 
muscle segments are 
marked ofi by hues in 
the dorsal part of the 
trunk The limbs are 
present, but no fingers 
or toes have yet been 
formed, although traces 
of the mam lomts are 
beginnmg to be visible 




Left, same embryo uith its 
yolk-sac, removed from the 
embryomc membranes The 
gill-shts, muscle segments 
and limbs are agam well 
shown, m addition, a promi- 
nent t^ is seen (From photos 
by W Chesterman, D^art 
ment of Human Anatomi, 
Oxford ) 













PLATE 13 



Tfto individuals of the same age from the same batch of frog’s eg^ 

the control, and has metamorphosed normaUv into a frog 

Th« cm?U & Wt bad tiM 




(ul Tuo esaoenments m grafting m tadpoles (1) The front half of an em too 
of one Amencan species of frog (iZana sylvaiiea) has been cut off ai^m^trf 
on to the hmd 1^ of another, ljg; hter-co Ioiired spec^ 

(21 The compound animal (chimasra) grows qmte noraially The lateral Ime, 
which ongmates near the head, has g^ 

on to the ialustns trunk Compound mdividuals like this have be y rea red 
through mSamorphosis (3 and 4) The front part of a sylvattca esabrm has 
been grafted on to the back of a pab^fts embsyo t^ combination dso 
contmued devdopment The sybftUica lateral hne (below s*), on ceacbmg the 
palustns component, has bent round mto corcect position 



PLATE 14 







PLATE 15 



(i) A nucioscopic section (longitudinal) through a regeneratmg leg of a 
s^mander larva The cut was made at the levd jouung the line from x and 
the ng^t-hand hne from nKn Bb, undifferentiated cells first produced at the 
cut surface, £, epidermis (with pigment belon it onl> m non-regenerated 
part), cartilage of ongmal humerus, iiith mcipient bone formation at its 
edges, il/, musde, N, nerve, ttKn, regenerated cartilage, differentiated out 
of cells like Bb, x, region nhere dd cartilage is dedifferentiated 
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(u) X-ray photographs of the hand of a boy m ehose third finger the basal 
)omt became disea^, it was rmoved and a piece of healthy bone with its 
bone-forming membrane (penost) grafted m nbm another situation 'a 1 
years old, immediately after the operation, the grafted piece of bone (t) is of 
an irregular shape (b) Two years later (the position of the hand is reversed), 
the grafted piece has become moulded mto a very good mutation of the ongmm 
jomt (After Timann) 
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The courtship display of the Argus pheasant (^rgutmnus argns) (a) The cock 
Argus pheasant in ordinary attitude (b) The hen interested in the display of 
the cock The cock has spread has vnngs and throim them upwards and 
forwards, displaying the beautifully shaped eye-spots on the wing quills The 
tail meanwhile is jerked up and down, it is seen to the right The head of the 
cock is almost concealed by the winp However, just above the lower part of 
the left iving is seen a white spot, with a grey patch a little way to its nght 
The white spot is part of the beak, the grey patch part of the cheek Between 
them there can just be distmguished the bird's left eye, lookmg out to see the 
effect of the display upon the hen She is much smaller than the cock, and 
^cks the beautiful wing and tail plumes (^m photographs taken at the 
London Zoological Gardens by afr D Seth Smith ) 





PLATE n 



(i) Pelagic larva (zosa) of a crab (PoreeHana) Note the eaonnous anterior 
(rostrum), for increasmg fnctton and preventing rapid sinking, also the 
abdomen not \tt bent up under the thorax, thus recapitulating the ancestral 
condition at', at*, first and second antennae , mxp*, mxp*, liret and second 
maxilhpeds (used for sivummng at this stage, though for feedmg m the adult) , 
ttt, rudiments of the fi\e pairs of lep (MacBnde, Textbook of Embnoloev, 

Volume 1, 1914 ) 



(m) a su^ flat fish (RhombotdKhfhys) on fine and coarse sandv graNel The 
fish adapts itself to the background by changing its pattern 


5 ^/ 






t' f 


the Hvema pnlm mi 

(II) A lantern -bug [LaUnuim 
Ittetfera] wjth c\traoiiiinar\ resem 
Wince of the expanded front region 
of the head to a small crocodile’^ 
head Manv lantern-bugs have tins 
anterior prolongation of the head In 
this case the resembhnee to a 
crocodile has been brought about b\ 
black patches simulating nostnl ind 
cscfwiUi nliitc patch simuhtingrr 
flection of light), the “eve" on a 
projection as in a crocodile Die line 
of the jans is cicarh indicated, and 
svlutisli tnangics, nhich ictnalh 
protrudesomen hat from thesurfaer, 
closch simuhtc teeth The insect’s 
o«n CSC K seen behind the angle of 
thcappirenl“ji« ’’Ithisphusibis 
been suggested that this resem 
Wince Is of sen ice to the insect in 

bmk ma » » ... scaring awn small inscctiiorous 

ci5< the rleinaS* ** possiWc function has been assigned to it , and in am 
east «ic detailed rcscmblincc IS acT) remarkable (Photograph ba A Robinson) 




PLATE 19 



ilujucry and protective resemblance in the East African grasshopper 
Ewryct^ha A^en full gtovn {A) the animal is large and green, and 
readily escapes detection among the leaves on in hich it hves >\lien } oung 
(JB) it dcsely resembles an ant, and the long antenna are so thm as to be 
visible n ith difficulty m nature , it even possesses tw o pale patches on the 
sides of Its abdomen (£), nhich give it the appearance of possessing 
a “naist” like an ant {D) shows three young larva (1) with specimens 
of two Linds of ants (2 and 3) In this stage, the young grasshopper’s 
behaviour is like that of an ant, and it runs about among the ants in a 
resfless way The full-grown animal, on the contrary, spends most of its 
time without movmg WhOe growing up (C) the animal is mtermediate. 
It tnes to escape its enemies by hidmg or by "shamnung dead " (From 
Hesse-Doflem, Ttaimt tmd Tterbbm, II , Teubner, Leipzig and Berhn ) 




PLATE 20 



(i) A view at low water on the Great Bamer Reef of Australia, showing vanous 
kinds of corals, each of them a colony of many thousands of polyps (After 
Saville Kent) (From Hesse-Doflem, Turbau tmd TterMm, II, Teubner, 

Leipzig and Berlm } 



(til) Skeletons of the extmet Dmosaur Diplodocns and of a man The biM irf 
Diplodocus was a good deal smaller than the enlargement m the spmai cora 
opposite the bmd limb. 






PLATE 21 



hind leg bones of Diplodocus, m situ Bone-cabin Quarry, Medicine Bow, 
Wyoming (Reproduced by permission of the American Museum of Natural 

History) 
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Galapagos 
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tbeskdetonsofmanandfrog, we sliall find that both possess a skuH, a 
backbone consisting of separate jointed pieces or vertebrae, the same 
type of limb bones, the same k^d of teeth. If we dissect them, we 
shall m both discover red blood, a heart in the fixint of the trunk and 
on the ventral surface, a liver, a pair of kidneys, a spleen, a nerve cord 
withm the backbone, and a great many other organs which have a 
family likeness to each ofher, and are to be found m similar positions 
in the bodies of the two organisms. The same plan is also found m 
the horse (Plate 1 (i) and 2, 5; for Plates see p. 128). 

But if we had chosen a crayfish, say, as our type, these cocres* 
pondences would not have been there. A crayfish possesses not two 
but nineteen pairs of limbs. It has no badkbone, but grows its skeleton 
on the outside. It has a heart, but it is m the centre of the body, and 
towards the back or dorsal side; its blood is nearly colourless; it has 
no nostrils or ear-drums, no spleen; the nerve cord runs down its 
ventral side iustead of along its back; its kidneys are m its head— in 
fict. It IS difScult to find any pointin whichits plm of structure dosely 
resembles that of man (Plate 2). 

We diall come back to this question of the resemblances and diiSer- 
ences between animals Now we mustretum to the firog, and ask our- 
selves what it does and how it does it 
lake other animals, die firog eats; it breathes, it must get nd of 
waste; it must move in order to procure its fiiod or to escape its 
enemies or to find its mate; changes in the outer wodd affect if, di^e 
must be some means by which die parts of its body can be made to 
act together as a whole, instead of merely as a number of separate 
parts; and finally, it reproduces its kmd. 

Why does the frog, or mdeed any other animal, require fiiod? It 
requires it for two main reasons First, the firog is domg physical work 
every tiine it moves; to do work it needs some source of energy; and, 
as a matter of &ct, it obtains this energy by the oxidation or slow 

I 

out or breaking down, and needs to be repaired contmually by oth^ 
substances out of the food. The hving machine thus bums part of its 
&od for fiid, and uses other parts for repairs. 

The firog feeds on worms, small snails and slt^, insects, and other 

MST—K 


combustion of some of die substances contamedmits food. Secondly, 
the substance out of whidi it is made is all the tune slowlv wearme: 
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small animals It seizes them -with its tongue, which is sticky and 
attached at the fiont instead of at the back, and can be suddenly shot 
out of the mouth. Once in the mouth, the prey is held not only by 
the teeth, wbch are small, all alike m shape, and only to be found 
on the upper side of the mouth,* but also by the eyeballs, which, 
unlike our own, can be brought nght down mto the cavity of the 
mouth. At the back of the mouth the prey is forced mto the opening 



Rg 2 General anatomy and attenes of a male fiog (veins omitted) a, 
stomach, 6, nostnl, c, small intestine, e in, artery to gut, c », artery to shn, 
d, large mtestmc (rectum), d a, donal aorta,/, thigh bone (femur), h, spleen, 
h a, artery to hver, i, lung, m, testis, o, kidney, p a, artery to lung, r, hip girdle; 
s, breast bone, s a, artery to fore-lunb, s c, artery to hmd-hmb, t, tongue, f a, 
truncus, t>, ventnde, 1, 2, and 3, mam artenes (artenal arches), springing firom 
truncus—l, to head, 2, to limbs, trunk, and mam organs; 3, to lungs and skin 

(Maid^ The Frog, 1923 ) 

of a narrow tube, the gullet, which leads down mto the sao-hke 
stomach. Once any sohd object is inside the gullet, this contracts auto- 
matically m a senes of waves, dnvmg the object downwards and mto 
the stomach Outofthefar end of the stomach opens a coded narrow 
tube, die small mtestme; but the openmg can be closed by a rmg o 
musde called a spbmctcr, and as a matter of feet the prey is kept in 
the closed stomach for some tune During this time it is 
the acnon of ajmee, the gastncjmcc, which is manufectured by toe 
walls of the stomach, and as a result it becomes largely dissolved 

• It possesses teeth not only on the upper jsw, but also <m the tool ol tbemouth 
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Whea It IS reduced to a pulpy brodi, it is passed on to die intestine. 

foto die begummgofthe intestine dicre opens a very small tube or 
duct This IS die bile duct, which leads from die hver, a very large 
brownish organ dmdedmto severallobes, diebile, which is produced 
by the liver, is a green fruid, and is stored until wanted in a round 
vessel, the gall bladder, connected with the bile duct. From the pan- 
creas, a sm^ pinkish-white organ, anumber of still smaller tubes run 
to open into t^ bile duct The bile and panaeaticjuice, together with 
ajuice denved from the mtestme itself, complete the work begun in 
the stomach, until finally all of the food that is available for the use 
of the body is dissolved It can now he passed through the living wall 
of the mtestme mto the blood and so distnbuted to the rest of the 
body. 

The process of rendering die food soluble is what we call digestion. 
This IS completed in the first part of the small mtestme, while ahsorp- 
tion takes place m the remainmg parts When all the absorption that 
IS possible has taken place, there still remams some residue, indigestible 
and useless to die animal This is called the freces;*^ it passes from the 
small mtestme mto the broader and shorter large intestme or rectum; 
here it is consolidated into pellets, and is eventually passed out 
between the frog^s legs at the openn^ of die doaca, fcom the Latin 
word for a sewer. 


There is thus a tube, the digestive tube, running firom mouth to 
doaca. Its cavity is open to the extenor at both ends, and so is, m a 
certam sense, not made the frog ataU. Digestion is simply the process 
of turning the fijod mto a condition when it can he passed, by absorp- 
tion, mto the real mtenor of the body. It would be perfoedy posable 
for au organism to absorb food over the whole suifoce of its body, 
and, as we shall see later, some animals do so. But in a creature h)^ 


the frog It is obviously important that the part of it which is dueedy 
Goosed to the outer world should act as a protective covermg. 
Accordingly we have the external suifoce covered by the protecting 
skin, while the duties of d^estiou and absorption, whi^ demand 
more dehcate tissues, are earned out by an internal surfitec, the limim 
of the gut 

The stomach and mtestme hem a space, the general body cavity or 


* Ofteo populady mucaHiid exerda. 
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codom; they are kept m place 'mthm it by a ddicate fold of mem- 
brane, the mesentery, which connects them with the dorsal side of 
the body cavity (Fig. 3). In this membrane may be seen a large nmn- 
ber of red tubes— blood-vessels oinveymg the red stream of blood, 
always in the same direction m any one tube. On the gut itsdf a 
meshwork of very small vessels can be se^; as a matter of ^t their 



Fig 3 Section across die hinder end of the trunk 
m a female frog The abdominal organs (G, gut, 
ov, ovary, od, oviduct) protruded mto the mam 
body-cavity or coelom (Coe), which contains a 
colourless flmd The Itmng of the coelom (or 
peritoneum} is dotted, the gut is suspended m die 
codom by die mesentery, a double fold of pen- 
toneum K, the kidneys, protruding shghdy mto die 
coelom 5, Ds, Ls, Vs, lymph spaces, /io, aorta, V, a 
vertebra, m which is nxnnmg the nerve cord, NC, 

N, spinal nerves The body-wall is composed of 
skm, lymph-space, muscles (shaded), and outer 
hnmg of coelom 

smallest microscopic branches, or capillanes as they ate called, come 
into dose connexion with the hnmg of the digestive tube, and the 
dissolved foodsubstances are passed through their walls into the blood. 
The small branches can be seen to umte mto larger, and these mto 
larger still, until finally the whole of the blood firom the gut is seeu to 
pass mto die hver by a smglc vessel (Fig 23). 
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Before we pursue the fete of the blood m the hver, we must con- 
sider the gen^ plan and workmg of die blood system. The web of 
a feog’s feot or 4e tail of a tadp^e is transparent enough for us to 
see Its blood-vessels under the microscope. We see solid partides, the 
blood corpuscles, burned along withm these vanous sized tubes m a 
stream whose motion is always m one direction, and takes place by 
jerks. The blood-vessels are branched, and m some of them the blood 
passes feom large trunks to smalls and smaller brandies, m others 
firom the small branches to the mam trunks. The fermer sort of vessel 
is generally called an artery, the latter a vem. If a feog is dissected, 
most of the large trunks are found to end m theheart, if this is opened. 
It IS found to be nothmg more nor less than a hollow bag of muscle, 
dividedinto several chambers As we shall see, it is so constructed that 
when the musdes contract; or m other words the heart beats, the 
blood IS driven through it, alwa^^ in the same direction, owing to 
the arrangement of valves withnTit From what we said above, it is 
dear that the blood leavmg the heart will pass into the mam arteries, 
and that blood will be pushed m feom the mam veins to take its place. 
The blood moves in j’erks because of the successive beats of die heart, 
and the net result of the workmg of the system is that blood is con- 
tinually arculatmg from the capillanes to the heart and back agam. 
This sunple feet of the blood’s circcdation, although at die bottom of 
any real knowledge of physiology, was not discovered until die early 
seventeenth century, by William Harvey (hgs. 23, 24). 

Therearethreepausofarteiiesleavuigthe&og’sheart Onedivides 
into branches supplymg the mouth, head, and braizu The next pair is 
the largest, the two members of the pair umte to a common trunk 
running along the back, and called die dorsal aorta. This pair sends 
brandies to both hmbs, to the digestive system and all other iutemal 
organs, and to die musdes of the body. The third pair sends one 
branch to the lungs and another to the skin The three pairs between 
them supply blood feom the heart direcdy or mdire£dy to every 
organ of the body (Pig 2). 

In the organs, the srnallest branches of the arteries divicleinto capil- 
laries and the blood is driven on feom these mto the small veins The 
system of veins is more compheated than that of the arteries The 
blood feom the head, fore-limbs, slon, and lungs passesdirecdy tothe 
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heart, but that firoin other parts travds a more comphcated route. 
The blood fi:om the capillanes of die digestive system, as we saw, 
passes into dieliveripaluge vein, hi thehver, this brandies andforms 
capillanes again, new veins are once more formed firom these, and the 
blood only reaches die heart after having passed tboogh two sets of 
capillaries instead of one. Such a vdn is called portal; and we have 
thus the portal vem of the hver. There is also in the fi:og (but not in 
man) a portal vein of thehidneys, which leads most of the blood from 
the capillaries of die hind limbs to a second set of capillaiies in the 
kidneys. 

The living rissnes of every part of die body are thus in contact with 
capillary blood-vessds, and these have such thin walls diat soluble 
substances can didiise through diem &om the slow-movuig blood in 
diem to the tissues or d:om the tissues to dieblood. Smce the capillaries 
are all part of die rin^ blood system, and the blood 15 always in chca- 
ladon, it follows that substances 6om any part of the body can be 
transported to any other part The blood system is dius, among other 
diiogs, die body’s system of distribudon and exchange It plays 
rou^y the same part in the body of a frog or a man as is played in a 
modemnadon by the trajSBc of radways, roads and canals, the markets 
and retail tradesmen, the last-named being represented by the capil- 
laries. 


What is it diat die blood dfetributcs? hi the first place, food. The 
dissolved food firom the gut is talon to the hver; this acts as a sort of 
wardbouse and refinery. Some surplus food is stored there to be dis- 
tnbuted gradually as needed, and ofoer food substances arc diemically 
changed by its action. 

The next substance to be distributed is oxygen. It is obvious that 
energy is needed for carrying out movements, and as a matter effect 
it IS provided by die combmadon of oxygen with substances in die 
musdes, diemoremuscularworkis done, die more oxygen isneeded, 
the bran, too, is very sensitive to ladk of oxygen; indeed we can say 
that the general processes of hfe in higher anhnals are only possible 
as a result of steady oxidation. 

Oxj'gen is a gas. For it to pass into die blood there is needed a moist 
membrane, very thin, vrith oxygen on the one ride and capillanes on 
the other. Since ox)'gcn exists in the air, it would be possible for die 



INTRODUCTION 121 

skin to be utilized as such a membiane; and tbis does actually happen 
in the frog. Its skm is very nchly supphed with blood-vessels, and is 
always moist As a result, frogs can ody live m damp places. Higher 
organisms, such as ourselves, have a stronger skm, and one which is 
dry They can, therefore, hve m more vaned surroundmgs, but can 
no longer use their skm frir absorbing oxygen. 

The frog, however, does not rely entirely on its skin, and it also 
possesses lungs, which can best be thought of as an internal surfrce 
specially designed for exchange of gases between blood and air The 
lungs m both frog and man are a pan of spongy thm-walled bags 
divided up mto a great number of compartments (and so providmg 
a great d^ of sur^) m whose walls run very many blood-vessels 
They are put mto communication with die air by means of a tube, 
the wmd-pipe or trachea, which opens mto die back of the mouth 
cavity just m front of the gullet in oursdves, air is sucked mto and 
forced out of the lungs mainly by the movements of the chest and 
diaphragm, to whose walls the lungs are attached But m the frog, 
air IS sudced mto the mouth dirough die nostrils, and then forced 
down mto the lungs by contraction of the musdes of the throat, the 
nostrils being at the same time dosed, it is dnven out agam by the 
ebstaty of the lungs themselves. The frog has no diaphragm. The 
diiOhrence between our mediod and the frog’s is like that between a 
suction pump and a force pomp 

The oxygen passes mto die blood system through lungs and sign, 
and, like die food, is distributed by die arcolating blood to all parts 
of the body Here it enters mto combination widi vanous constituents 
of the hvmg substance, and, as afinalresult of these chemical processes, 
waste products are produced, which damage the organism if they 
accumulate, and must be got nd o£ The most important of these end 
products of life’s activity are carbon dioxide (COg), water (HgO), 
and urea (NgH4CO) , and the process of nddmg the body of su^ sub- 
stances is called excretion Carbon dioxide is a gas, and its excretion 
can and does take place through the same membr anes, of limgs and 
skm, which serve for the intake of oxygen. Urea, however, and any 
surplus salts, are not gaseous and so can best be excreted m solution.* 

’They cooM also be removed from any abate m the processes of life by being tendered 
usolabie This occurs, for example^ m lobsters and crabs, where some waste substances aie 
deposited m the shell, and got nd of at moulting 
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The chief organs whidi remove substances &om the blood in solution 
are the bdneys. In the firog, these are found at the back of the coelom 
(Hgs 2, 3). They consist of a great number of microsco|ac tubes, 
twisted together, and nchly supphed with blood. The tubes eventually 
all open mto alarge draining tube, or duct, which runs backward and 
opens mto the doaca. Surplus urea and salts, together with water, are 
taken up foom the blood by the htde tubes, and the resultmg flmd or 
urine is drained out along the duct (Fig. 29). 

Just opposite the opemngs of the ducts mto the doaca is another 
opemng, that of the bladder, which is thm walled and muscular, and 
lies on the firont of the large intestme. This is simply used to store the 
urme until a considerable amount has accumulate, when it is passed 
out of the doaca 


Finally, not all the surplus v^ter is excreted by the kidneys; some 
IS got nd of in the form of water vapour by lungs and skm 
The whole of the dbeimcal processes gomg on in an organism axe 
known collectivdy as its metabolism This consists partly of thebuild- 
ing up of the soluble food materials mto very complex colloid mole- 
cules, of which die hving frameworic consists, partly m the break- 
down and wastage of tbs fiamework, partly m die breakdown of 
the simpler substances wbch act as fod for energy production 
If we now turn back for a moment to the blood system, and con- 
sider its detailed arrangement, we shall see that this can be understood 
in rdauon to metabolism. It will be easier to illustrate tbs from the 


blood system of man, which is m some ways both simpler and more 
effiaent Here the heart consists of two separate halves, a right and a 
lefr, eadi consisting of a thm-walled diamber or aunde opemng mto 
a ducker-walled ventnde. The veins enter the aundes, the artenes 


leave the ventndes; and there exist flaps of membrane wbdb act as 
valves and only allow the blood to pass m the one direction. The only 
veins wHch enter the left aunde come from the lungs , they therefore 
contam blood nch m oxygen and poor in carbon dioxide In this con- 
dition blood is called artenal From the left aunde it passes bn mto 
die left ventnde, and thence mto the mam artery or aorta, whose 
branches carry blood to all the organs with the single excqition of 
the lun^ In the capillanes of the organs, the hving tissues take the 
oxygen dicy need from the blood, and discharge mto it the carbon 
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dioxide they haveproduced. The resultant blood, poor in oxygen but 
rich in carbon dioxide and other waste products, and called venous 
blood, IS collected in the veins, and is sucked into the nght aunde. 
Thence itis pumped mto the nght ventnde, and so through an artery 
to the lungs. The way in which the system of pump and tubes is con- 
structed thus ensures that all blood whidi has given away oxygen to 
die organs of the body diall go to the lungs, to be charged again with 
oxygen and to be rid of carbon dioxide, before going out once more 
to any of the other organs. The portal vem takes all the blood &om 
the digestive system to the liver so that the surplus food materials may 
be there dealt with at once before going to the rest of the tissues; the 
hver is thus m one respect like a central storehouse foom whidi certain 
foodstui^ are ration^ to the rest of die body as required (Bg. 23). 

hi the hog the plan of the blood system is shghdy different Bodi 
aundes open mto one smgle ventdde, so that some mixing of venous 
and arterial blood takes place. Frinn the voitnde springs a tubular 
part of the heart, or tnmats^ not found m man The position of the 
aperture from ventnde to truncus, and the valves inside the truncus, 
are so arranged, however, that the most arterial blood passes mto the 
artery leading to the head, the mixed blood mto that supplying the 
limbs and body, the most venous blood mto that leadmg to the lungs. 
Thus the brain gets the blood nchest m oxygen, and most^ but not ^ 
of die venous blood is taken to the lungs before agam going to body 
or head. 

The blood system, however, is not only concerned with transport 
Organisms are foced with the problem of co-ordination: and the 
blood systemprovides one method of deahng with this. Theproblem 
is this- given a number ofoigans,sudi as hea^ lungs, hmbs, stomach, 
kidneys, btam— how to ensure that they shall work together for the 
good of the organism, and not sunply pursue their own activities 
mdependendy of each other— how, m other words, to convert a mob 
mto an army. 

The way m which the pancreas is made to secreteits digestivejmce 
at die nght time, and only at the n^t time, wdl provide us with a 
good example of co-ordmation through the blood stream. The pan- 
creas IS usually inactive , but the passage of food foom the stomach into 
the mtestme is known to be followed by a secretion of pancreatic 
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juice wluch is poured do\m the duct to hdp digest the food. How is 
this done? When the food passes into the intestine, it stimulates the 
intestme chemically, causmg it to secrete a special substance from its 
lining, this passes mto the blood, arculates through the whole body, 
but, though it exerts no edect on most organs, stimulates the pancreas 
(and probably the hver] to activity. This substance is called “secretm ” 
It can be artificially extracted firom the hmng of the intestme and will 
dien, if mjected, cause the pancreas to secrete. Such “chenucal 
messengers** are called homoneSt and the blood provides the channel 
by whidi they exert their diemical co-ordmation between parts of 
the body. As they are seaeted mto the blood, and not down a duct 
on to some jfiee surface, they are mduded under the term internal 
secretions. 

Other intemal secretions regulate growth and metabolism, prevent 
one organ from growing disproportionately to the rest, or have a say 
in the rate at which the various chemical processes of life shall work. 
A substance secreted by the pituitary, for mstance, which is a small 
gland at the base of the brain, influences die growth of bone If too 
much of It IS present m youdi the bones grow excessively, and giants 
are the result Another substance secreted by the same gland causes 
ficogs to become darker m colour The thyroid gland is situated m the 
ned: region of vertebrates Its secretion influences the rate at which 
their metabolism goes on, with most mammals, too much makes 
them nervous and exatable, too htde leaves them sluggish The 
adrenals, die parathyroids, the pancreas, the reproductive organs, 
and probably other organs aho produce mtemal secretions 

Finally, the blood helps m the defence of the body If protons 
which are not normally found m a certam organism arc mjected mto 
It, they are precipitated or broken down mto simpler substances Not 
only that, but if they are mjected a second tune after a proper mterval, 
they can be destroyed more rapidly and m greater quantity Bacteria, 
many of which, if they could hve m the tissues or the blood, would 
give nse to diseases, contam such foreign proteins, and m nature it is 
dbiefly bacteria which are thus destroyed if they obtam an entrance 
into the tissues. Familiar examples of the utilization of this property 
are vaccmation, preventive moculanon for typhoid, and the antitoxm 
treatment of diphtheria. 
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The blood is thus the great distnbutor, it distnbutes the raw 
materials ofhfe, its waste products, ihe chemical substances concerned 
m co-ordmabon and regulation, and those which help m the protec- 
tion agamst disease It is a middlo-man between eadh hvmg part of 
the body and every other, and its arcnktion, begun m the first weeb 
of life, must contmue unmterruptedly if life is to be maintained. The 
only rest which the heart can have is between each beat and the neict. 

There is m the fi:og, as m man, another set of spaces filled with 
fluid which are circulatory in function. These are the lymphatics 
(Fig. 25). Into them any surplus flmd which has passed &om the 
blood mb) the tissues is drained out, and this fluid, for reasons we 
shall see kter, is not red but colourless hi man the lymphatics start 
as small irregular spaces, which unite and eventually dr^ mto one 
of the large vems. hi the fi:og, however, the small lymph spaces unite 
mto very large lymph sacs, the biggest of whidb, filled with dear 
flmd lymph, he between the skm and the muscles of the body wall 
To pass lymph firom these mto die vdns, special lymph hearts emst 
—two pairs of small muscular sacs pumping after Ae ftsbon of the 
true heart The femt pulsation of one pair of these can be seen m life, 
just antenor to the doaca, on the dorsal surface between the badrbone 
and the bp bones, the odher pair is bdow the shoulder-blades. 

The ftog can move from plats to place, and special organs are 
needed for movement as for digestion and circulation. The actual 
parts of the ftog by wbch movement is effected are the musdes or 
flesh Musde is a form of hvmg substance wbch has the property of 
contraction, or altering its shape, when stimulated m certam ways; it 
shortens its length, while increasmg m breadth. There is, ft>r ms tanfy^ 
a layer of musdearranged orculady round the gullet (as also round 
the rest of the gut). When this contracts m any one plats, it narrows 
the tube of the gullet there, and it is by a wave of sudi contraction 
traveUmg firom top to bottom of the gi^et musdes that food is auto- 
matically passed down mto the stomach Oragam, whenthe muscl es 
of the bladder contract, the cavity of die bladder is made smalW anti 
urine is expdled For movmg the animal from place to place on 1an<l^ 
however, some part of the body must be hdd fixed agamst the ground, 
and the rest of the body moved rdative to this fiiced po int. To 
accompbh tbs, ajomted framework is necessary; and this is provided 



126 ANIMAL BIOLOGY 

in, th.e firog by the skeleton, composed of substances kno'wn as bone 
and cartilage (Fig. 4). 

The skeleton, however, serves other purposes besides enabling the 
contraction of the muscles to e£^ movement For one thing it acts 



Fig 4 The biceps and skeleton of&e human foie-limb, to lUustiate the levtr 
action of musdes The musde is attadied to the shoulder-blade at «, by means 
of two tendons, and to the tadius bone m the fore-aim by one tendon at 
F IS the fulcrum of the lever system, represented by the elbow-jomt, the power 
15 apphed at ?, and the hand iqiresents the weight to be raised, w. When 
the biceps contracts it becomes thicker and diorter, and consequently the hand 
and the fore-aim ate raised (Huidey, Lessais in Ekmmtary Phystohgy, 1915 ) 

as a support to the whole body. Living substance itself is soft and 
semi-fluid, with a specific gravity very shghdy greater than that of 
water. Animals which hvemtibe water, therefore, are almost entuely 
supported by the water; but a land animal of any siae requires a firm 
skeleton to prevent it collapsmg under the force of its own weight 
A frog without a skeleton woidd spread out, if m air, like an egg 
taken out of its shell, whereas jelly-fish far bigger dian firogs can 
manage to preserve their shape m water with no support except theu: 
watery jelly. 
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Fi 6. 5 Hie skdetcm of a fiog Note the dcuH, with cranium auditory 
capsules (o), nasal capsules (n), jaws {m, q, jp), orbits (between et aniom and 
jaws), backbone composed of nine separate vertebrae and a rod (u) r^resent* 
ing several vertebrae fused together, shoulder girdle (the shoulder-blade (d) 
removed on the left side to diow the ventral portions of the gndle); fore-hmb, 
with humerus (/i), fiised radius and ulna (r), wnst (1), and digits (;); pdvtc 
girdle, the dor^ part of whidi (ilium, i} articiilates with the sacrum (sacral 
vertebra, sv), andhmd-hmb, with femur (f)aiticulatiiig with die pelvic girdle, 
fiised tibia and fibula (t), ankle with elongation of two bones (astragalus, a, 
and hed-bone or calcaneum, c), and digits (fe) (Marshall, 77ie Frog, 1923 ) 



animal biology 

Again, certain dehcate organs require to be protected against injury 
and shock, in the frog, the brain and spinal cord, the organs of smdl 
and hearing, and to a certain eictent the eye, are enclosed 'within parts 
of the skeleton. 


The frog’s skeleton (Fig 5) is built on the same general plan as that 
of a man. There is first a central portion consisting of s kuli and 
backbone The skuU is a composite structure. In the centre is the 
bram-box or cranium, containmg the 'whole of the brain. In front 
of these are the two nasal capsules, closed above and at the sides, open 
below, m which the organs of smell are lodged At either side of the 
cranium s hinder end are similar but still more completely closed 
capsules, to house the organs of hearing. The skeleton of the upper 
jaw IS fixed to the nasal capsula in front and to the car capsules 
behmd. On it are numerous small teeth, all of the $amft pattern, and 
merdly attached to the surface of the jaw, instead of bemg firmly 
fixed m sockets like our own There are teeth also on a pair of small 
bones near the centre of the roof of the mouth, but none on the lower 
jaw bone, which is hinged to the hmd end of the upper jaw The 
orbits, or spaces for the eyeballs, he between the cranium and the 
tipper jaw. There is finally the hyoid, a s mall plate embedded in the 
floor of the mouth and attached to the hmder end of the skull, this 


gives attachment to the muscles which move the tongue 
The backbone encloses the spmal cord It is formed of lune separate 
pieces or vertebrae, together 'With a longer rod at the hind end which 
represents a number of vertebrae joined together Each vertebra 
consists essentially of a more sohd ventral piece, mainly frir support, 
to whose upper side is attached an arch for ^e protection of the spinal 
cord The first vertebra fits on to the hmd end of the skull, and the 


others are jointed to each other by ball-and-socket jomts m the 
supportmg portions, and by pans of smooth surfrees springing from 
the arches and fitting one against the other The frog has no nbs 
The skeleton of the hind-hmb consists of a thigh bone, fitting atits 
upper end mto the hip gndle, a shank bone, the ankle bones, and 
the bones of the foot, each toe containmg a senes of small bones 
arranged in a row All these parts arejomted to each other m "vanous 
ways The jomt between ^gh and hip gudle is arranged on a 
ball-and-socket prmaple, allowmg the thigh to be moved mto a 
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great variety of positions, those between thigh and shank or shank 
and ankle, however, while allowing free motion backwards and 
forwards, do not allow much m odier directions A number of 
• musdes are to be fjund m the hind-limb. They may be attadied 
direcdy to a part of the skeleton, or mdirecdy by means of a tendon, 
a tough smewy cord, which may be fixed to a bone some distance 
away, and so act like a pulley rope 

The skeleton of the fore-hmb is built on exactly the same plan, but 
all Its parts are shorter, particularly that part (die wrist) which coires^ 
ponds with the ankle m the hmd leg. All animals winch jump have 
their jumpmg legs elongated m order to give powerful leverage, one 
has but to think of a grasshopper, a kangaroo or a jerboa, besides the 
hog 

The lund legs are attached to the hip girdle, and this in its turn is 
firmly attached to part of the backbone. The fore-limbs* skeleton is 
also attached to another portion of the skeleton, the shoulder gndle; 
this, however, is notattached to the backbone, butis sunply embedded 
m the musdes of the body wall. The shoulder girdle also joins 
ventrally on to the breast bone or sternum, which protects the heart, 
and gives attachment to musdes moving the fisre-hmbs andthehyoid. 

By means of the musdes and the skeleton, then, the hog can 
move But how are its movements to be regulated, made to serve 
some useful purpose such as capturing food^ How the musdes to 
be co-ordinated together instead of one workmg mdependendy of, 
or even m antagonism to, another? This is effected by means of the 
nervous system and the receptor organs. 

The receptor organs are those parts of the hvmg organism which 
ace speaally sensibye to the changes going on around them. Some 
of them are affected by the changes going on inside the body in 
musdes and jomts and m the oj^an of balance (proprioceptors), 
others by the changes taking place m the world outside (exterocep- 
tors). Some of these latter are espeaally sensitive to changes of 
temperature, others to changes of pressure, some to waves m the 
ether (hght), others to waves m the air; odiers £^am to chemical 
substances, some translate all changes which af^ diem mto a sense 
ofpam. 

The exteroceptor organs are the wmdows of the animal mto the 
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outer world Through the propnoceptors we are aware ofdieposition 
of the various parts of the body, which of course depend on the 
degree of contraction of a number of mosdes, die d^ree of bending 
of the vanousjomts, and upon our position withregaid to theverticaL 
The receptor organs include the sense organs, but are not (be same 
dung, since many receptors when stimulated do not always give use 

to sensations, and some never do. 

A receptor organ, m Bctt is in 
Itself responsive to one particular 
sort of dbange, but its stimulation 
may or may not give nse to a 
sensation m consaoiisness. They 
^ble action to take place m re- 
spouse to changes mside or out- 
side die body, and m some cases 
m addition the animal is through 
Fig 6 The tight inner eat (mem- themmadeawaieofthcsechanges 

by— l^ngaro^edR. 

three scffliarcular canals (antenor, ceptor organs may be large aM 
posterior andhonzontalrespecbvely), important structures; such, m the 
m the three planes of space, wiA £rog or man, ate the eye, the ear, 
swellmgs(ampulls)at6,r,and» wis and die organ ofsmdL By means 

ftjan |3» ofdweyeitisporaUe&tlJiefiog 
lops(s(Kp 210) (Marshall, to be aware ofthe form, size, anti 

1 ^ ) probably colour of objects at a 

distance, if it had no ear it would 
not only be unable to perceive sounds, but also to balance itself The 
nose enables it to detect distant objects by reacting chemically with 
particles which they give off mto the air 

Taste, like smell, is a chemical sense, but gives information not 
about distant objects but about those which find their way mto die 
mouth; a number of very small taste organs are scattered over certain 
parts of the tongue 

The receptor organs for touch, pain, heat and cold are all imcr^ 
scopic, and are sratteted over the sui^u» of the body, more abundandy 
m some regions man m others 

In all the hignbr animals, receptor organs are always connected 
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wtdi die nervous system Tliis consists ofdie central nervous system, 
and the nerves and gangha (Fig. 7). The central nervous system 
mdudes the brain and the spinal cord. The brain of a &og is a soft 
whitish organ, tidily supplied witb blood, and of a comphcated 
shape. We can distmguish three mam divisions in it, the fore-bram, 
the mid-brain, and the hind-brain. Ihthe&re-brain, the largest part 
(and as we shall kter see, in some ways the most important) is the 
cerebrum, consisting of the paired oiebral hemispheres In &ont of 
this are ol&ctory bbes connected with the nerves of smell, bdiind it 
a small part with curious stalked bodies axismg &om it, the pmeal 
above and the glandular pituitary below. The mid-bram is small; 
the hmd-btam agam large, and divided into the cerebellum and the 
medulla. 


The spinal cord is jomed to the medulla. It runs the length of the 
backbone, and has no specially disdngmshable parts. From both 
brain and spmal cord spring a number of white branchmg structures, 
the nerves Those from the bram are called the cranial nerves When 
traced out, most of them are found to end m the sense organs and 
musdes of the head, but one pair in particular, the vagus nerves, run 
nght down mto the body and send brandies to heart, lungs, stomach, 
and other organs On the odier hand, none of the spmal nerves, &om 
the spmal cord, run up mto the Imad (except the firat^ which supplies 
the throat region), diey end m tlm receptor organs of die body and 
m the musdes of the hmbs and body wall 
Down the back of the body cavity there may also be seen a double 
diam of nerves which is not direcdy connected with either bram or 
spmal cord On this cham there is typically a swellmg or ganglion 
opposite each spinal nerve, and this ganghon is connected with the 
correspondmg spmal nerve by a thm nerve branch, the cham also 
contmues into the head, where similar connexions are made with 


some of the cranial nerves This set of nerves is called the sympathetic 
system; the branches given off From it run mainly to glands and to 
musdes not connected with the skdeton, but formmg part of mtemal 
organs such as those of blood-vessds, of the digestive tube and of the 
bladder 


What is the function of the n^ous system^ When we examine 
a nerve we find that it is composed of a bundle of nerve fibres, in the 



132 


ANIMAL BIOLOGY 



Rg 7. The nervous system ofafiog, in ventral view The membranous nasal 
sac (N) enclosing die organ of smell, and die eyeball (e), are also shown I, 
olfactory nerve fiom nose, II, optic nerve from eye, in, IV, VI, nerves to 
eye musdes, vTI, fiioal nerve, VIII, nerve from ear, X, vagus nerve to heart, 
stomach, lungs and larynx, Ml-MlO, the ten spmal nerves; S, sympadieoc 
chain, with sympathetic ganglia, Sl-SlO, each connected with their con^ 
ponding spinalncrves Note the junction of M2 and M3 to form a plexus for 
the arm, and (^M7-M10 to form one for the leg In the bram die cerebral 
hemispheres (H®) are shown, widi the olfactory lobes m front of them 
Behind the X-diped figure made by the junction of the optic nerve lies the 
pituitary M mafes the junction of the medulla oblongata and spinal cord 

(Marshall, 77ie 1923 ) 
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same way as an dectnc cable is composed of a bundle of wires 
Each of these nerve fibres is a microscopic thread of livmg substance 
which has the power of conducting impulses or exatations very 
rapidly along its length, roughly as a wire conducts an electric 
current * And the nerves themselves are like cables each containing 
a number of wires. The nerve-fibres firom receptor organs run in 
nerves until they reach the central nervous system, and there spht up 
mto a number of very fine branches 
Other nerve-fibres carry impulses outwards and are connected 
with what we call effector oigans-~organs wbch are capable of 
active work, the musdes and the glands The two sorts of nerves are 
called afferent and efierent, because of their carrying messages to and 
fiom the central nervous system lespecdvdy , or sometimes sensory 
and motor, because of their mam fimctions 
The ends of the afierent fibres inside die central nervous system are 
branched These branches come mto contact with those of other cells, 
and sooner or later with the similar branches of efferent fibres. 
Sometimes they connect, after a few mtermediate steps, with cells 
which send out efferent fibres m the same region of the cord In 
other cases they connect with the end brandies of cdls whose fibres 
run up and down widun the central nervous system, often up to the 
biam, but even so the other ends of these fibres are always connected, 
directly or mdirecdy, with efferent fibres f 
All messages fiom receptor organs, therefore, always pass to die 
spinal cord or bram, withm these organs, they are, eidier direcdy or 
mdirecdy, passed on to efierent fibres, and so finally to musdes or 
glands The result on these effector organs may be either to start or 
to mcrease their activity ("exatation”), or eke to dimmish or stop it 
(“inhibition”) In any case, by means of the nervous system, a change 
m the outer world or m the body itself is made to exert an e&ct on 
the workmg of muscles or glands, ofien m qmte other parts of the 
body (Fig 30) 

When an action is earned out dius by an effector organ as the result 
of a stimulus transmitted to it along nerve-fibres fiom a receptor 
organ, it is called a reflex action (or simply a reflex), because the 

* In man, unpulses are conducted along nenre-fibtes at tbe rate of about 120 metres a second, 
n a frog moK slonly, at tbe rate of 28 metres a second, 
t The pomt of contact betneen tbe branches of two separate nem cells is called a synapse 
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stunulus tEAvds to the central nervous system and is then, as it were, 
reflected outwards again along the ei^rent fibre, and the arrangement 
of organs concerned m it is called a reflex arc Good examples of a 
reflex action are the nairowii^ of the pupil of the eye when strong 
hght falls upon it, and the watermg of the mouth at the sight of 
appetizmg food In both cases the eye is the receptor organ, but in one 
case the effector organ is a muscle (the orcular muscle of the ins or 
coloured portion of the eye), m the other a gland (the sahvary gland). 

The spinal nerves and spinal cord, taken by themselves, represent 
nothing but a huge system of interrelated reflex arcs, m other words, 
a wonderful arrangement for translating changes m the outer world, 
through their effects on receptor organs and nerve-fibres, mto action. 
A particular stimulus will automatically call forth a particular action 
because there is a path (predetermined through heredity) in the 
nervous system from the receptor organ affected by the stimulus to 
the muscle or gland which acts That this is so can be shown by 
destroymg the whole bram of a frog. The rest of the frog is now quite 
unconsaous, but can continue to hve for many hours The limbs 
hang limp; but if the toes are pmchcd, the leg ^ be drawn up, if 
a drop of add be placed on the skm of die bac^ the leg will be raised 
to wipe It away. It may be noted that die number of e&rcnt paths is 
considerably smaller than the number of afferent The nervous 
system m this respect is like a fimnel, with stimuh poured into its 
broad top, to issue m a narrower stream of acdon 

"What then does the bram do m the frog’s organism? hi the first 
place it receives the messages from die large organs of special sense m 
die head— sighti heaimg, smell, and taste Secondly, it is the main 
controlhng centre of the animal. Thirdly, it (or radier part of it) is 
the seat of consdousness.* Owmg to the first cause, die constant 
stimulation through the organs of special sense, the brain is m more 
mtunate relation with the outer world, and with more of die evente 
of the outer world, than is the spmal cord or any other part of the 

•^en there is the question of control In the spinal cord not all the 
branches of afferent fibres connect at once with branches of efferent 

Mnnm the fcTObnmBlnoinitobethepart of the wganismTOth which 

up We presume thit the ing, too, possesses some dtgm of consoousnea, ^ ftat 
to the sime port of the biam as m oursches, although the evidence is of couise uduect. 
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fibres leaving the cord, some enter into relation with special fibres 
wbich run up inside die cord to the bram, and there make connexions 
with fibres of the bram. From other parts of the brain, fibres run 
down the cord again, and come mto contact there with branches of 
eflferent fibres The efierent nerves of the cord, therefore, can be 
afiected first by the messages of the sense organs brought along the 
aflfeient fibres, and secondly by mess^es from the bram. Now the 
brain, as we saw, is m better contact with the outer world than is the 
rest of the firog, further, it is the seat of memory. Thus the messages 
fiom the receptor organs of the skm and of the inside of the body are 
sent up to the bram and there brought mto relation vsnth messages 
fiom more distant surroundmgs and with records of the past In just 
die same way, m an army m the Md, the battalions in the Ime send 
up reports to headquarters of what diey have discovered about the 
enemy, and of what diey themselves are domg, and at headquarters 
these reports are considered m the bght of the much voider knowledge 
both of present and past conditions, acqmred through the mteUigence 
and operations branches FmaUy, just as a battahon commander 
might think that to attack was the nght pohcy and yet might be 
ordered to remam inactive owing to some situation fiu: behmd the 
enemy’s front, of which he knew nothmg, so the reflex action which 
would mevitably take place if the spmal cord were left to itself may 
be altered or entucdy stopped by messages reaching it firom the bram. 
A sneeze, for example, is a reflex action, but we can usually stop it 
by an effort of will if we realize, for mstance, that to make a noise 
vnll put us m danger, or remember that there is an mvahd m the 
room who must not be awakened. 

Finally, states of consaousness seem to correspond with special 
ways of settii^ the connexions m the bram When we are angry, the 
bram connexions are so set that messages may run out to all the 
effector organs concerned m attack and defence, when we are afimd, 
the machmery fi>r runmng away is put m readiness, when we are 
depressed, it means a damping down of all our general activities, 
and so forth 

The reflex arcs connected with the spmal cord thus represent the 
madmierybywhichananimal’sactionsarepossible Butthepamcular 
actions earned out depend upon the waymwhich the bram influences 
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this mechanism The range of actions possible to a &og is much less 
than that possible to a dog or monkey, and that of a dog or monkey, 
again, very much less than that possible to a man The differences 
between the spinal cord machmery of the three types of ammais, 
however, is comparatively small, it is through differences m the bxam 
that the same general machmery can be adapted to many more 
situations and made to carry out a & greater number of distinct 
actions 

By means of the nervous system, dien, as well as through the blood 
system, co-ordination is earned out But whereas the co-ordination 
effected by mtemal secretions m the blood is primarily between one 
internal organ and another, that effected by nerves is largely between 
the outer world, as it stunulates the receptor organs, and mtemal 
organs What is more, a much more findy adjusted oo-ordmation 
can take place through the nerves than through the blood Actions 
like the accurate bringing up of the frog’s leg to the particular spot 
on the back which is stimulated, or my usmg my pen to wnte these 
words, mvolvejust the right degree of contraction ofalarge number 
of musdes, and arc fer more complex and medy adjusted m detail 
fhfln the secretion of the pancreas under the mfluence of the hormone 
from the mtestme, or the darkening of the frog's skm when the 
pitmtary hormone is ngected Furthermore, m the working of die 
nervous system, we find that one part is m the relation of central 
headquarters and so dominates or controls the rest, whereas nothmg 

of the sort happens in co-ordination through the blood. 

We have not yet mentioned the reproductive system, by 
which new frogs are produced from old, but this will be best treated 

in another chapter. ^ . 

So far we have dealt with the working of the frog’s organism, and 
the plan of its structure. It remains to consider the frog m relation to 
its surroundmgs When we do this, we find diat there are so many 

corrcspondencesthattheycannotwdlbeduc to chance. The common 

frog spends much of its time m the water, and its hmdfect have a web 
between the toes It uses its skm for respiration; and hves m damp 
places. It feeds on small animals, and has a tongue smted for seizing 

such prey widihghtnmg rapidity It is preyed upon by various bir , 

but has a blotched don to camouflage it, and, fiirthermore, a skm 
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whidi changes colour widi its surroundings, becoming darker on a 
dark badcground and vice versa The tree frog, on the other hand, 
hves among the leaves of trees; and it is coloured green. It must 
' climb tree trunks; and possesses special adhesive pads on its feet 
The tongue of a frog would be of no service to a grass-eatmg cow, 
nor Its webbed &et to a dog or cat, nor its skm to a desert-dwelhng 
animal 

In bnef, the structure and habits of the frog, like those of all other 
organisms, fit its surroundings; and we say that it is adapted to its 
particular environment How it is that animals and plants are adapted 
to their surroundings is another and far more difiScult problem, 
which we must leave for the present 

Our neict immediate concern is to penetrate mto greater detail of 
the frog’s anatomy So far we have only considered structures visible 
with the naked eye or with the help of a hand lens. But by means 
of the microscope we can submit the frog’s tissues to a magnification 
of several hundred diameters, and see much that was mvisible before. 
This branch of zoology is called histology, or the microscopic 
anatomy of tissues. 

Perhaps the most important fret revealed by these mediods is the 
fret that all tissues are made up of defimte umts of hvmg substance,, 
usually called cells Thenamec^isnotavery goodone, asitsuggests 
hollow boxes, and the hvmg cell is not hollow and is m no sense hke 
a box However, the name was first given to the hollow boxes of 
which cork and pith are seen to be composed when exammed under 
the microscope, these are the dead cases of once hvmg tissue umts. 
Then the name was tcansferred to the hvmg tissue umts of plants, 
hvmg contents, box, and all, and finally, when it was dear that the 
duny contents were the essential and ^e box something madental, 
found m plants and not in animals, the term became restricted to the 
contents, and the box of cellulose m plants was called the cell waU. 

A cell IS die functional umt of hvmg substance or protoplasm. This. 
senu-flmd, almosttransparentmatend, generally containmg granules, 
IS a complex mixture of substances, some of which m their turn ate 
dso of extreme chenucal complmaty Cdls, both of animals and 
plants, normally possess a speaahzed cell membrane at the surfre^ 
^ch regulates the passage of materials in and out of the cell, and a 
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^ m«]l5^unded body with a dcBiWe 

aie nndens. lie protoplasm apart fiom the nndeus is called the 
cytoplasm. 

^(^areiiiadeiq>ofliraigceIls.ix^ediermsomecasesw^ 
d^ stAstances produced by cdh; and each dssm com^ 

a few charactenstic kmds of cells, arranged'm a charactenstic way. 

Blood js the tissue (if we may stretch the term “tissue” to cover a 
^ of cells not joined together, but moving freely m a fluid) which 
IS most^easily examined microscopically. If we look at a small drop 
of frog’s blood under the microscope, we shall sec flat it rnnntiw 
thousands of cells. The commonest type is a flatteniwl of^al m 
with its cytoplasm of a frunt straw colour, and rrmi-aitupg a central 
uncoloured nucleus. In bulk these corpuscles give Mood its red 
colour, and arc called the red corpuscles. 'Ibeir colour is due to a 
pigment called haemoglobin whidh they contain, and by of 
which they convey oxygen round the blood stream (Fig. 24). 
Human red corpuscles are sm al ler , bi*€oncave^ and without a nudeus 
Besides these, there will be seen a number of smaller, uncolouied 
bodies, capable of slow movements and alterations of shape, these 
are called the white corpuscles. Most white corpuscles have the 
power of devouring bacteria and other fore^ parades (Plate 12). 
When they collect in largCvnumbers, mflammation is often found. 
They are the body’s microscopic policemen ar>d scavengers 
Next we distinguish a whole groiqi of tissues which form linings 
to sutfrces, whether external or mtemal, such a hnmg is called an 
^ithehum. The body cavity, for instance, is Imed by a sin^e layer 
of flattened cells fitted together hke a simple jig^w pu^e, the 
absorptive lining of the gut by narrow cylindrical cells; the lining 
of the wmdpipe by cubical cells armed with ony lashes or aha which 
beat uninterrupt^y and drive any small foreign partides up and 
out of the windpipe. The outo skm, or ^dermis, on the other hand, 
is an epithehum of many layers of cells. The lower ones are roughly 
cubical, and are continually produang new cells which become 
gradually transformed into homy places to be rubbed ofr on the 
outer suifrce as scurf, m this tissue therefore, cells are constantly 
dying throughout life, being sacrificed for die good of the whole 
organism. The homy layer is much better d^doped m land 
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jnitns than in water animals or the moist-skmned frog (Hg. 35). 

0^;aiis of touch are scattered just below the e{)ideixms, and 
numerous ^bids open on it— sweat glands, for instance, m man. 




Fig 8 (a) Section of cartilage (fiom frog’s breast bone) highly magnified. 
Cartilage cells, several of them having recendy divided into two, are lymg m 
the tough matrix which they have secreted (b) Section of bone (fiom pig's 
dugh bone) highly magnified In life, blood vessds run m the lar^ circnlar 
blade spaces and bone cdb occupy die s maller branched spaces The inter- 
mediate material is the bone matrix (From Bourne.) 
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slime glands m the frog Glands are those parts of the organism whose 
function It IS to extract or manufrcture particular substances from 
the blood, whether they are substances of which the orgamsm will 
make use, or substances Of which it must nd itself The pancreas 
secretes pancreatic juice for use m digestion, the kidneys secrete iinni> 
for elimination from the system. The simplest kmds of glantls are 
smgle cdls, such as the mucus or slime ^s which are scattered 
among the absorptive cells of the frog’s mtestme, and secrete a 
lubncatmg flmd Most glands, however, are many-celled tubes or 



Fig 9 The fibres of ordinary connecbve 
tissue after removal of the a and fr, 
bundles of white fibres, c, su^ elastic 
(ydlow) fibres (Hindey, Elementary Lessons 
m Pliystology, 1915 ) 


pockets of epithehum, cither unbranched or shghdy brandied like 
the glands of the stomach, or much-branched like the hver or sahvary 
gland Their cells are usually more or less cubical Generally htdc 
spherules of the substance which they secrete are to be seen withm 
their cells, after a gland has been m action, however, these are seen 
to have disa ppeared — ^thcy have been discharged (Fig. 27) 

The cells of muscles arc very remarkable structures. The simplest 
are found m smooth muscle, they are very much elongated, and are 
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marked Tnth a number of fine fibrils along their length hi voluntary 
muscles (those attached to the skeleton), each umt is made of a 
number of cells run togedier, as is evidenced by the number of 
nudei which it contains. Further, m addition to longitudinal fibrils 
there are a number of transverse bands aaoss the fibres of voluntary 
musde The presence of these bands is somehow assoaated with 
greater rapidity m contraction. 

Next we have a group of tissues called the supporting tissues. 
They have die property of secreting dead substances out of their 
hvmg selves, and by this means buildmg a skeleton or framework. 
In gnsde (cartilage), for example, a number of roundish cells can be 
seen, embedded m a stifi'jelly-like substance wbch they have pro> 
duced The same is true of bone, save that there the cells are usually 
arranged m defimte systems, often concentnc, and that fine branches 
from them penetrate the ground substance m every direction 
Connective tissue, on the other hand, which bmds up every organ in 
a fine firm sheath of tissue, has a number of scattered c^ which 
^ produce bundles of fibres, mterlacmg m every direction, and givmg 
great tensile strength combined with elastiaty. If we could conjure 
away every other tissue of die body, we should still see the outhnes 
of every organ, mcludmg the course of every vein and artery, every 
nerve, preserved for us m this povadmg scafiblding of connective 
tissue 8,9) 

Nerve cells or ttmrottSj as befits their remarkable functions, undergo 
perhaps more change durmg their development than does any other 
type of cell In early stages, they are irregularly rounded, like most 
other cells at this penod After a time, however, a prolongation 
grows out at one end, and one or more similar prolongations at the 
other These continue to grow, and become the conducting nerve- 
fibres we have already spoken of; some of them may reach relatively 
enormous lengths, the musdes of the toes, for instance, being supphed 
by fibres whidi run all the way firom cell bodies m the spinal cord — 
a distance of several yards m the krgest animals known A nerve- 
fibre IS thus always attached to a nudeated cdl body, and cannot exist 
without It, if a nerve be cut, all the fibres which are no longer attached 
to cells die, whereas those parts of diem which are still in connexion 
With the cdl bodies will hve and regmerate The nerve-cells m parts 
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fts 10, Diagiam to show the mam parts of a aerve-cdl (a motor neuron 
nom the ventral horn of the grey matter m the sjdoal cord), ah, ongsa of 
uamou^tDW&oraxon,dx. tvcdlbody shorter branched outgrowths 
(dendntes), their fine terminal branches are not diown m, si, dieadi celfa 
round a3con,8q>asated by nodes fwR). at the one marine, amn has divided 

SL another brandi of die axon n. nudeos of wy i cleBlns 

tel, end plate formed by the tip of the axon, thmj i gh which unptdses are 
transmitted to die muscle fibre (m reahty, the axon wiD always be nincfa 
1 longer relatively to the cell body) 
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o£ the cerebral hemispheres are remarkable for the degree of branch- 
ing diown by their processes; it is probable that these are concerned 
widi memory, and in man with the association of ideas (Plate 3 and 
Bgs 10, 34). 

In the same sort ofwaymwhichasobstance is dhemically composed 
of molecules, so the higher animals and plants are built of ceUs They 
too, of course, are m their turn composed of molecules, and those of 
atoms, but the cells are the smallest definable biological imits 
In a sense, the body is a colony of cells In a beehive, the lives of 
the individual bees are subordinated to the good of the colony; so 
too the mdividual cells are subordinate to the good of the body, but 
the subordmation is far more thorough, and the “colony” can act 
as a smgle whole fiir more efiaendy than the hive. 

This It can do in spite of the enormous number of cells which it 
contains If human beings were blood corpuscles, the population of 
London would almost fit into a cubic millimetre of human blood, 
and the population of the world mto a dozen drops. 

A fiog, dien, IS a mass of hvmg substance organized on a particular 
plan, and this plan bears a defimte resemblance to that of human 
bemgs, althou^ it is altogether dif^rent firom the plan on which 
both crayfish and cockroadi, fiir instance, are constructed (Plate 2 
and Figs 73, 75). It is composed of cells; these joined togedier mto 
tissues; these agam mto organs and systems of organs Each organ is 
constracted so as to work in a particular way, which is normally 
fi>r the good of the whole organism to which itbelongs. Some organs, 
like the digestive system and the glands, carry on chemical work, 
the skeleton is a passive support and protection; the blood system is 
the go-between fiir all the others; ^e muscles by changmg their 
shape move the whole organism or alter the state of the organs; the 
receptors arc like windows into the world of events But through one 
window one set of events only can be seen, through another window 
only another set; the nervous system ensures that the reports of 
diluent kmds of events shall be co-ordinated, and that on the whole 
the right response shall be to the fight event. Thus the nervous 
system, together with the chemical regulation effected by way of the 
blood stream, makes it possible fot t^ amiyial to act as a unity, as a 
Sfflglc whole, and so to deserve the tide of orgamsm. 
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DEVELOPMENT AND HEREDITY 

F rogs grow old as wdl as men, and will die of old age even if 
they have not previously met death by some acadent If there is 
to be a race of hrogs, there must therefore be a continual production 
of new frogs to take the place of the old. Our neitt mquiry must be 
mto the method adopted to ensure this reproduction 
If we run an individual frog’s history backwards through our 
minds, as a film can be run backwards through a cmema, we find that 
the full-sized or adult frog was preceded by a young firog of mudi 
smaller size, but of the same general shape and structure Before this, 
however, the frog was so different as to ment a different name, it 
was a tadpole, hved only m the water, fed mainly on vegetable food, 
had only rudimentary legs, and swam with a tail It did not breathe 
by lungs, but by gills; these are branched ou^rowdis of die body wall 
with many capiUanes just below a very thm skm They grow on the 
outer borders of shts which lead firom the cavity of the mouth to the 
side of the neck, and, since water is continually being sucked in at 
the mouth and then forced out through these giU-shts, they can be 
always taking up dissolved oxygen firom the water andpassing carbon 
dioxide out mto it. In large and medium-sized tadpoles, the gills and 
gill-shts are covered by a flap of skm or gill cover, but m quite small 
ones the gills stand out firee on the side of the neck As the adult frog 
grew out of a smaller frog, so the large tadpole has grown firom a 
smaller tadpole of the same general form and contammg the same 
systems of organs, except that it is altogether without limbs The 
small tadpole, m its turn, hatched out of a glutmous covermg, which 
with several hundred others formed a mass of firog spawn. 

If we had gone ferthcr back and exammed the devdopmg fi:og 
inside the jelly a few days before hatdiing, we should have seen that 
It still had the general form of a tadpole; but its gills were mere knobs. 
Its tail not fully formed Before that agam dierc was a time when, 
although the general plan of the inter^ organs was the same, the 
organs themselves were not present as workup pieces of machinery, 
but merely blocked out in an undifferentiated state, with dicir com- 
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ponent cells not yet speaalized as m die adult. The liver at this stage, 
for instance, was represented merely by an unbrandhed tube; the 
heart was an S-«haped blood-vessel, as yet without muscles or valves, 
the chief parts of bram and spinal cord could have been seen, but m a 
much more rudimentary shape than m die full-grown frog, and with 



Fig 11 Tiansverse sucioscopical section across very young cat embryo m 
tbe getm-4ayer stage. Above, ectoderm (neural folds not yet devdoped); 
bdow, endodexm, between, mesoderm In the centre die layers ate stdl umted. 
A mitolic figure is seen just to the left of tbe centre (X400) (Dablgren and 
Kepner, Textbook of the Pnttaples of Anmd Htstology, 1908 } 

no nerve-fibres yet formed by outgrowth from dieir cells (Plate 4 
and Fig 12) 

Still earher, the developmg animal had no particular resemblance 
to a tadpole, and even the mam organ systems were barely recogniz- 
able The future bram and spinal cord, for example, were represented 
by a groove along die back; the digestive system was an irregular 
space widun a mass of yolk m die mtenor. Before this, the organism 
(when passmg through what is termed the gastrula stage) was quite 
sphenc^, consistii^ of an outer sheet of several layers of small cells, 
an mner sheet mamly composed of big yolk-laden cells surrounding 
the cavity which is the first rudiment of the gut, and a middle sheet 
between the odher two (Plates 4, 5, and Fig. 11). 

A day or so eadier, m the hlastula stage, diere was but one sheet of 
cells, and no digestive rudiment Earher still, there were only a frw 
large cells, and at the last, we can trace our frog back to a sm^e very 
large cell, black above and white below, loaded with reserve food in. 
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the shape of yolk, and containing but a single nudeus. This is the*' 
fertilized egg (Plates 4, 5). 

‘‘What IS the origin of the &rtilized egg?” is the next obvious 
question. But before attempting to answer this, we must go in some- ‘ 
what more detail mto the actual progress of development 

This can be divided into a number of penods The contaik. 
plenty of yolk, m order to provide food for the young fiog before - 
It can feed for itself It is consequently a very large cell, and the first 
step to be taken is to divide it into cdls of a more convenient size- 
thebridrs to be used in the future budding The egg divides mto two, 
these into four, and so on, until the blastula stage is reached 

This tnarlcs the dose of the first penod, usually called the penod 
of s^mcntation. The second period ends m the formation of a rough 
— a very rough — ground plan of the future organism. A fold of the 
AarJcj smaller cells gTOWS ovcT the larger yolky cells, and the crack 
between the inner layer of the fold and the yolk afterwards swdls 
out to be the first rudiment of the digestive system. If you hold one 
end of a sheet of paper m place and bring the other end down towards 
the first, you will produce a similar fold; but the movement of the 
hvmg fold is caused by rapid growth of cells just about the folded 
part Between the inner and outer layms of the fold a third layer or 
cells is spht off. Now the fibt ground plan is ready— there are three 
distinct layers of cells m existence The outer layer will later give 
nse to the epidermis of the skm, the sense organs, and the nc^ous 
system; the inner layer to the gut and all its appendages such as liv^ 
pancreas, thyroid, lungs and giU-^ts; and foe middle layer to 
muscles, foe skeleton, foe connective tissue, foe blood system, the 
kidneys and the reproductive organs These three primary layers arc 
called germ layers, so that this is foe period of germ-layer form^ta 
Segmentation and germ-layer formation are a good deal simpler m 

forimwifolessyolkinfocn eggs. PlateSfoustratesfoesmipler course 

of development m Amphioicus r 

In foe third period a great advance is made— foe mam s^tems o 
organs are blocked out The embryo lengthens: a groove forms ra 
foe back, deepens, and its sides arch over and meet to produce a tu e, 
this tube is foe rudiment of foe whole centnd nervous ® 
of most of foe nej^ Tmy pits appear on foe side of the benOf 
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representing the future nose and ear, and from near the £:ont of the 
nerve-tube, two hollow outgrowths arise which will form the main 
part of the eyes. Below the nerve-tube, a long straight rod is nipped 
off from the top of the gut This is the notochord, the early and less 
comphcated precursor of the true backbone. On each side of the 
notochord, the middle layer of cells grows rapidly, and cuts itself 
up mto a secies of blocks of tissue, the muscle segments; firom these 
tb voluntary muscles will be formed Below them, a spht appears 
in the middle layer— the rudiment of the body cavity From its walls 
a senes of funnel-shaped tubes grow out, and dieir ends umte and 
form a duct which grows back to open at the hind end— the rudiments 
of kidneys and of ureters 

The mouth and anus are pierced, ou^owths of the gut produce 
the pancreas and hver rudiments; other outgrowths reach the extenor 
and Will form the giU-shts. Scattered cells of the middle layer umte 
to form tubes, and these tubes jom up to give the blood-vessels The 
mam characteristic of the penod has been the formation, m a very 
short time (notmore than forty-eighthours at ordmary temperatures) 
of a great deal of viable structure where very,htde was to be seen 
before. We may call this the penod of primary differentiation of 
organs (sec also Plate 10 (a)). 

At die end of this penod, the laying out of the detailed ground 
plan, some htde time before hatchmg, the chief organ-systems and 
organs are thus all present, but they are not yet in working order— 
theu cells ace still all of the same general type, not speoahzed for 
theu vanous duties The next, or fourth penod, therefore, is primarily 
chiefly that of the differentiation of the tissues The gut rudiment, 
growing capable of digesting, becomes a gut, the muscle rudiments 
become muscles, the nerv&*tube becomes a brain, spinal cord and 
nerves, and so on with the rest of the organs of the body. This change 
IS accomplished by the time of hatchmg for some organs, a htde later 
^ others It talcM place through transfo rmation of the shape and 
structure of f 

In the next penod the animal iwrfes, and becomes sdf^upporting, 
^^^mg and conseq^uent growth are its chief characteristics; but 
towards its dose, preparation is made for the adult stage by the 
appearance of limbs and of lungs — a gain first as mere rudiments, 
asT— .p 





Fro 12 A Itmgitadindvoocd and a transverse section tbiDUgh a late embryo 
of a fix>g. The mouth has not yet perforated; die hver is still a sunple tube, 
the odls from which the heart will be &imed are stiU scattered FosteDod.y 
the nerve-tube, notochord and hmd-gut are still connected Thecodomhas 
appeared as a spht m die mesoderm, the upper portions of which are enlarged 
to form the somites (fiiture mustfe laments}. The ludiinent of the pituitary 
IS bemg formed fiom the roof of the future moudi an, anus; ect ectoderm; 
enl, gut,/br, foro-bram; h &r, hmd-bram, hy, endoderm; It, hver, mer, meso- 
derm, mesanit somite; nc, remains of communication between nerve^be 
and gut, neb, notochord, at, nenm-tube; pit, ingrowdi of ectoderm to form 
pitmtary; mp, ^p, outer and mner walk of codom, sp e, ipmal-cord portion 
of iiervo*tobe, yk, yolk mass. 
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later as organs capable of working This is the lorval period, a larva 
Vi wtig a stage in an animal’s history when it is sdf-supportmg (and 
therefore no longer an embryo) but r ad ic ally different in structure 
and mode of life from the adidt* {xe Plate 13 (i) and fig 79). 

The sixth stage, or penod of metamorphosis, is a violent transition 
from to adult, from water to land, tf we could not actually 
follow the tr ansform ation, it would be impossible to guess that a 
young frog and a tadpole were stages m one and the same animal’s 
life Hie limbs grow rapidly, die ^pe of head and trunk and the 
colour of the skm become altered, and diere are mte m al alterations, 
such as a of the mtestmem view of die change from vege- 

table to annnal diet, the remodelling of the skull, and the replacement 
of cartilage by bone But foe most remarkable cbianges are 
those gflfwting the tail and gills These do not drop ofij as is still 
beheved by some unobservant people, they are absorbed They have 
been built up, now they are unbuilt Their tissues lose their differen- 
uauon, degenerate, and are used as food materiaL Thus foe develop- 
ment of an organ need not always be forwards; it may be reversed 
After the change, another growth stage sets in, whidi we may call 
the juv enile period, when the animal is definitely a frog, but not yet 
grown up After a tune, however, growth slows down, and at about 
foe same time sexual maturity begins So foe eighth of our periods, 
the adult period, starts. This is foe longest of all foe periods, and is 
best developed m foe highest forms of life It is m them a condition 
m which neither growfo nor breakdown has foe upper hand, a 
penod ofbalanced activity, which has been compared to the apparent 
rest of a “sleepmg” top Frogs, like mammals and birds, have a 
well-marked adult penod m which growfo is absent Many lower 
animals, however, such as most crabs and shell-fish, go on growing 
throughout life, andm them sexual matunty, notcessation of growth, 
is foe only cntenon of foe adult phase 
finally, however, foe mnfo penod sets m — old age The meta- 
bolism grows feebler, foe organs no longer work so and even if 

a violent end does not terminate foe animal’s existence, as is almost 
always foe case m nature, its life eventually comes to death as an 


* Wlwn the anmial at a Gonespoudiog stage is retained vithm the egg or the mother^ body, 
It IS called an enlbtyo or foetos (See Bates 10 {6}, II ) 
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inc'wtable dose. Such a death is unavoidable and normal; we may 

caUitnatu^dealh-^realweanng-outofAetissucsandaconse^^ 

collapse of the organism like the collapse of die hundied-year-dd 
one-hoss shay” in the poem, 
lie dCTdopmeM rfm animal Use da fog, 
of growth; pardy ofdifierentiation or increase of complexity, thirdly, 
of metamorphosis from one form to another, fourthly, of the attain- 
ment of a rdativdy stable, balanced state, in which growth and 

differentiationare almost absent, andlasdy, of dielossofthisstabihty, 

die weanng-out of the machine— old age, and Anth 
Now having traced the devdopment of a grown-up frog from a 
single fertilized egg, we can return to our question as to the orig in 
of this fertilized egg. If we look at the ovaries or reproductive organs 
of a fomale frog in early spring, we shall find m diMu , and actually 
produced by them, a great number — one to two thou s and — of eggs 
apparently s m nl ar to frrtilized eggs; a httib later m the season, thesa 
will be found loose m the swollen lower part of the oviducts, each 
surrounded with a thm layer of jelly. But if we take these ^gs and 
put them in water, they will not devdop For them to start develop- 
ment, fertilization is normally necessary; and by frrdlization we mean 
umon of the egg with a r^roductive c^ of the Iq, all animals , 

eggs are cells detached from these special organs of die body, the 
ovanes (Plate 6 (i)). 

Hic r^roduebve organs of the mab are the testes, s tnall whiQsh 
bodies consisting mainly ofa number of rmcroscopic tubes Thecelis 
forming the walls of these tubes divide, and some of the fresh cdls 
thus produced change their shape m a remarkable way, the nucleus 
becomes long and dense, and the rest of die cell becomes transformed 
mto a sharp point at one end and a swimming tad at the other. They 
are now ripe, and are called spermatozoa or spe rms Ihese axe shed 
mto the hollow of the tubes, pass down canals mto and through the 
kidney, and down die ureter, to be stored m a pouch on its side A 
drop of the contents of this taken m early Aprd and mixed with water 
wdl show thousands of sperms m active movement, a male fi:og 
produces bilhons m a season (Plate 6 (u) and Fig. 13). 

When the female lays her eggs, the r^e sheds his sperm over them. 
The sperms are attracted by the eggs, and start burrowing mto them 
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Fig 13 Four stages in the dififeientxation of spermatozoa, fiom die earth- 
worm Above, a group of spermatidls, produced at the dose of the maturation 
divisions JEadi has a nudeus and a centrosome. Centre, a similar group 
showing the first stages m the elongation of the spermatids, their outgrowth, 
and the dongation and condensation of their nudei Bdow, led, three nearly 
mature sperms The outgrowth has become converted mto the “tail” 
(flagellum) Ihere is still a layer ofqtoplasm over die nudeus Bdow, tight, 
a mature sperm The tail is fiirdier dongated, and takes ongm m a "nuddle 
piece,” containing the centrosome Then comes the “head,” consisting of 
the much-dongated nudeus, surrounded isuth a mere film of cytoplasm and 
tipped with an organ which fiiahtates die sperm’s entry into the egg 
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Once one has succeeded in forcing its nucleus inside, a change takes 
place over the egg s suc&ce whidi prevents any further spermatozoa 
from entering. The sperm nucleus then swells up, and becomes very 
like the nudeus of tlie egg. The two nudei meet, and actually umte 



Ii[G. 14. Human unfectilizcd egg (oocyte) and spetins, on 
die same scale. The egg is seen sunounded by its membEane 
{Memb }, and this agam by protective and nutritive foOide 
odls (FC). It contains a Urge nudeus (N)> which has not 
yet undergone reduction, and some yolk grains (Y) The 
nucleus contains a nudeolus Below, at ate two ^erms, 
the lower one m profile. The “head” contains all the 
nndear matend, condensed The ovum is about QOOji 
(0*2 mm ) m diameter 

to form one. This completes the act of fertilization; and only after 
this does devdopment begm (Figs. 14, 16). 

Sexual reproduction m the frog then consists m this that umon of 
two cells, or at least of the nudei of two cclb, takes place, that the 
cells at the moment of union arc detached and mdependen^ hut 
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previously formed part of die bodies of other mdividuals of the 
speaes, and that the cell formed by their umon devdops into a new 
individual 

It has been found possible with die eggs of foogs, worms, sea- 
urchins, and other animals, to make the egg start its devdopment by 
artifiaal means (by chemical treatment in sea-urchins; by heat m 
stai&h; by pnddng die egg with a fine needle dipped in blood, in 
fiogs), without any sperm being present, so producing fodierless 
animals. Some of these have been raised to matunty, and appear 
normal. Thus fertilization consists of two separate and separable 
processes— activadon, or the startmg-o£ of the egg on devdopment, 
hid the umon of the nudei of male and fomale reproductive cells. 

The two cdls which thus umte are called gametes or “marrying 
cells’’, and the product of their umon is called a somethmg 
formed by the “yoking together” of two gametes Usually the 
gametes are, asm the fi:og, oftwo markedly differentkmds, die female 
gamete large and yolk laden, the male gamete tmy and active This 
di&rence between the two gametes, however, is not umversal In 
many low forms of life, both plant and animal, the two are alike, 
and m some, as m the smgle-cdled animal Parameaum, only nudei 
and not whole ceils fuse with each other. Thus the essential foct m 
sexual fusion is the umon of the two nudcL The di&ience between 
die two gametes is only secondary, the size and yolk contents of the 
egg serve to give the devdopu^ embryo a good start m hfe after 
fortihzation, and the shape and activity of the sperm ensure that the 
two gametes shall meet 

The race of frogs, then, can be thought of as consistmg of anumber 
of continuous streams of hvmg substance The streams flow for the 
most part m the form of z^otes, starting as fertilized eggs and 
devdopmg mto mature frogs , but for some of the time they subdivide 
to flow m the form of gametes, and then such of these streams as do 
not die out, umte m pairs to become zygotes once more Or, to put 
It m anodier way, the speaes forna (einpordna, or any odier kind of 
bgher animal, such as the human speaes, comprises not ttvo hut four 
kmds of individuals— male and fen^e zygotes, and mafe ^i nd femaU 
gametes The zygotes are large and long-hved, the gametes small, 
short-hved, but for more numerous 
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To understand fully wliat tbs implies, we must again turn back. 
We liave said that divide, but have not descnbed the process 
As a matter of i^ct^ it is a very remarkable one. When a cell is ready 
to divide, the wall of the nucleus breaks down, and its contents 
change from their chiefly fluid state mto a number of more sohd 
rod- or strap-shaped bodies, which, because they become coloured 
by many dyes, are called chromosomes. Meanwhile, a star-shaped 
jSgure of radiatmg fibres is seen m the cell This divides into two, 
forming a spmdlo-shaped set of fibres with a radiating “star” at each 
end, and the chromosomes arrange themselves where the fibres from 
the two stars meet, in the centre of the spindle. The chromosomes 
next split right down their length, and die halves travel away from 
each other, one to one pole, the other to the other. Rnally, the body 
of the cell divides, the set of chromosomes at either pde swdQs up to 
fo rm a nucleus again, and there are two cells, each with its nucleus, 
in place of one (Pktes 8, 9, and Rg 16). 

This process of nudear division (called mitosis, on account of die 
diread-hke chromosomes, from the Greek p>iros, thread) ensures 
that each chromosome is divided exactly along its length. As we shall 
see, the umts which determine the hereditary characters of an anim al 
probably lie along the chromosomes, so that as a result of mitosis a 
complete set of halved units is distributed to both of die two cells 
fliising at any division; and these halved units, smee they are ahvc, 
soon grow up to their original size agam 
The number of chromosomes is always the same for a given race 
of gTiimals or plants, not only dns, but often the mdividual diromiy 
somes can be distmguishcd from Mch other by difierences of size and 
shape, and when tbs is so, they can be arran^ m a senes of pain, 
so that the total number is always even * In man, for instance, ^ 
total is 48, m the fiuit-fly, Drosophila melaiiogaster, it is 8, m the 
Mcmcan salamander, 28, m Ascans, 4 (Plates 8, 9), and so on 
At one of the cell divisions just before the formation of gametes, 
however, the process is quite di&rent Instead of the diromosomes 

dividing, themcmbersofapaircometohesidebyadc,andatdiviMn 

whole chromosome of a parr is separated from the other 
process is called the reduction of the chromosomes, for owing to it, 

•mth certain exceptions connected with sex 
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ea^ of the two cells produced at this diyisiou possesses only half the 
ordinary number of chromosomes for the speaes (Fig. 15 ). " 

Accordmgly, gametes have halfthe number of chromosomes found 

m zygotw; and the reason the chromosomes of the zygotes ciost m 
pairs IS that one member of the pair has come from the feiher and 
one from the mother Thus, the ordinary higher animal or plan*- has 
two complete sets of chromosomes, hke two packs of cards This is 
of great mportance m the study of heredity, or, m other words, of 
the way in which characteristics are handed on from one generation 
to the next. 

A frog gives nse to new fro^, not to toads or lizards, within a 
smgle species, such as man, many characters “run in frmihes” — 
physical characters hke black hair, or mental charari-prs liTr<* m usical 
talent, and it is a common observation that children inVnt traits 
from their parents and from remoter ancestors The frets of heredity 
are often obvious enough But what is the machinery by which they 
are brought about? How is it that the tmy, simple-lookmg egg has 
the power of developmg into the compheat^ adult, and an adultjust 
of one particular kind^ How is it possible that of two eggs, which 
would be practically mdistingui^ble under the microscope^ one is 
predestined to produce a red-haired tall boy, the other a dark-haired 
medium-sized girl? 

There is a great deal of evidence to support the idea that mhentance 
— ^the transmission of quahties or characters from one generation to 
the next — depends upon the actual transmission of swall units of 
hving substance in the gametes These umts are called ihs factors of 
heredity i or sometimes s^ more shortly the genes; and diere is further 
evidence that these frctois are contamed m ^e chromosomes 
Certam results flow from this — ^results, for iristi^^nc-ft, roTi«*- tning the 
numerical proportions of diflerent types to be expected on crossu^ 
different strains, and, mdeed, all the subject matter of the com- 
paratively new saence called Mendehsm, after the Austnan Abbot 
Mendel, who first discovered and mterpreted the essential frets Here 
we are concerned only widi some of the more general aspects of the 
question 

A sexually repioducmg animal or plant grows up from a fertilized 
egg mto Its adult condition The fret that it grows up m its own 
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particular way, tihat a newt’s egg will produce a newt and a frog’s 
egg a frog, although they are scarcely distinguishable and although 
they grow up in the same pond, must depend on the eggs containing 
somcdung— let us call it the hereditary constitution-— whidi deter- 
mmes the way each shall grow up 
Mendel discovered two important laws concerning the way in 
which the hereditary constitution of an animal (or plant) is related 



Rg 16 Diagram of fecbluation, contmumg Eig. 15 a, die qienn has pme- 
trated the ovum b, the speim nucleus is sweUing up, die chromosomes are 
appealing m both nuda (purely diagcammatic) ofdie haploid number (n=3) 
m eittiec The beginning of the spmdle is bemg produ^ by die sperm c, 
fusion of nudei of sperm and ovum n, the qundle is fiilly formed, and all 
SIX (2m) chromosomes are arranged on its equator b, all die chromosomes 
have qpht longitudinally, f, die fertilized egg (zygote) has divided into two 
cdls, eadi with the diplmd (2r) number of chromosomes, one set of three (n) 


denvedfeom the fethermdie sperm, the other threefeom the motbermthe egg. 


to that of Its patents. The first is usually called the law of segregation. 
This implies diat the hereditary constitution is composed of a number 
of sdf-reproducmg umts, presumably of a chemical nature, the foaors 
or genes mentioned above. Normally, there are two of each kmd of 
umt in the body; but before gamete formation, the two membpr; of 
such a pair segregate, or separate from eadi other, so that each gamete 
has one member only of each kmd of unit The second law is that of 
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independent recotnhmation of units It sums up the diated by 
bteeding tests, that the segregation of members of difierent kinds of 
units IS usually qmte independent 

It is easy to see (hat this is exacdy what would be expected if the 
umts were contamed withm the chromosomes, and, as a matter of 
£3iCt, this has now been proved to be the case The adult organism, 
whether human being, fly, rabbit or pea plant, has two complete 
sets of chromosomes The two members of a pair separate flom each 
other at reduction, so that each gamete receives one complete set, 
recent observations have further shown that the way m which one 
chromosome pair separates at reduction is qmte independent of other 
pairs. Thus, the smgle set of chromosomes m one gamete need not all 
have come m from the &ther, or all firom the mother, there must 
merely be one of each hand of chromosome present If we compare 
the chromosomes to cards, fertilization is like the mimg-up of two 
pacb of cards with different coloured backs. Reduction ensures that 
this double pack shall be sorted out mto two smgle pacb agam, hut 
pays no attention to the colours of the cards* badb Rach sorted-out 
pads will be complete m having one card of each kmd, but any of the 
cards may have either a red or a blue back Thus it will be most 
unl]kd.y that, as regards the precise combination of red and blue 
bacb, any of the sortedrout padts wdl be identical with any other, 
since the number of possible combmations is so enormous. 

Pacb chromosome appears to contam a large number of umts, and 
the segregation of two units will only be qmtemdependentwhcndiey 
lie m diflerent chromosomes. When they are both m the same 
chromosome they tend to stick together more often than they 
separate * 

The "ni*«8 are the really important dungs m the hereditary conm- 

tuuon, andthcchtomosomesappear to he merely convemcntlengto, 

so to speak, mto which the hereditary constitution is cut up. Accora- 
ingly, the cards m our smule should really be takeu to represent the 
separate nmts, and not the compound umts we call chromosomes, 
whidi would really be more like smts. If we do this, however, we 

• Has tendency to remam together is called httHagc d fectots ® 

le, two faetois m the same tbromosome caa he “Paated oftw W » 

atowhidiweiieednot eater here), although theyaaaotsomdcpendeat asftio*Mt«sm*p™i 

lands of chromosomes. 
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must add one more point to make our analogy complete We must 
suppose that any particular card need not always have precisely the 
same value, but that you could have one ten of hearts, say, diat was 
a htde above par, and another a htde bdow par hi terms of Actors, 
this would mean that althoug;h a g;iven kmd of i&ctor always exi&rted 
the same general kmd of e£fect in development yet it m^t exist 
under different forms, widi shght differences m effect. For instance, 
we know that one &ctor concerned with colour production in rabbits 
may eiost m at least hiur forms, one producing no pigment at all, as 
in albinos, the next allowing colour to appear in die ears and muzzb 
and other extremities, as m die Himalayan breed, the next giving the 
cbmrbilk coat, and the last allowing full devdopment of pigment 
The differeut forms of one :&ctor are called allelomorphs 
So &r we have dealt vnth the generahties of Mendelian theory. 
They will become mudi dearer if we look at a couple of examples. 
If a (xrtam breed of black fovd is crossed with another stram which is 


white with a few black markmgs, the o£pnng will all be unlike 
either parent, of a type known as the Blue Andalusian, which is a 
bluish or diluted black colour, with wbtc “lacing” on the feathers * 
Poultry &naeis have long tned to get a pure breed of these Andalu- 
sians by mating them with each other, but always without success 
—the birds “threw” blacks and whites as well as producing mote 
blues. 


'When the subject came to be accuratdy worked out it was found 
that when Andalusians are mated with each other, on an average 
25 per cent oftheiroffipnng are blacks, 25 percentwhites, and 50 per 
cent Andalusian agam Not only this, but the blacks bred true when 
crossed with each other, and so did the whites, but the Andalusians 
always gave the same proportions ofblacks, whites, and Andalusians 
once more (Plate 7 (i)). 

These results are at once deared up if we suppose that the black 
fowls carry foctois which make their ch i dc en s grow up blarlcj the 
white fowls foctors whidi make thdrs grow up white 
When a black code is crossed with a white hen, all his gamet es (the 
sperms) contam one foctor for blade, all hers (the unfertilized eggs) 


* Only certain definite breeds ot blacks and whites give this sesnlt, not any black mt f Wfd mtb 
any nhite. 
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one tor for white Hie offiprmg will have one of either 6ctor, 
and their interaction will bring about the so-called blue colour’ 

Exa^y the same result will happen if a white cock is crossed with a 
black hen. 

, Whenabluecockandhenarebred together, thegametes, whether 



Fig 17. DiagiamtoshowhowtlieMeadelianconceptioaoflieiediiaty 
units (Octets, genes) eicplains the fiiiegoiog results The oi^aaisms 
are represented as large cirdes, the genes as atdes within them 
In the gametes, only the genes are x^resented Undiaded represents 
splashed-white, bla^ represents the gene £ot black, and dose dottmg 
visible blade, sparse dotting represents visible blue 


male or female, will contam either a factor for black, or a jEactor for 
white, but not bodh Let us call the foctor for black B, and that for 
white h A B-beanng female gamete may be fortilused equally well 
by a B-bearmg or a ^bearmg gamete, and similaily for a ^beanng 
fomale gamete -Thus, four possible combmanons of gametes (as 
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regards B and h) may occur at feroiization, and, on the theory of 
chances, will occur on the averse equally often* 

(1) B-bcanr^ by B-beanng (3) Wiearing by B-beanng. 

(2) B-beanng by i-bearmg. (4) Wseating by Wieani^. 

(1) wll give a duck with two black fectors, therefore black, (2) and 

(3) will give Andalusian chicks ona more; (4) will give wbte chicks 
Not only tbs, but out of every hundred chicks on the average one- 
quarter will be black, one-half Andalusian, and the last quarter wbte 
Tbs IS made clearer by the diagram (Rg 17). 

Accordmg to Mendd’s second law, betors for difierent charapto ? 
arc mhented independendy of each other. For mstance, to take fowls 
once more, the ordinary type of comb, called smgle, depends on one 
form of a particular fodor; that called rose, wbch is low and long, 
upon another When a cross is made between birds with these two 
sorts of comb, the hybnd is indistmguishable in appearance foom the 
pure “rose” stock. Tbs mtroduces us to the feet that one form of a 
factor may mask another, and be what is called dommant to it But 
the factor for smgle-comb is still present m the hybnds, as is shovm 
by breeding tests. For whereas the ongmal pure-bred rose-comb stock 
gives notbng but rose-combs, the hybnds crossed with each other 
give 25 per cent pure-breedmg singles, 25 per cent pure-breedmg 
rose-combs, and 50 per cent hybrid rose-comb birds that agam do 
not breed true Thatisto say, thedifference between smgle-androse- 
comb depends upon a difference between two forms of foe 
hereditary fector 

Now, if we cross a black bird with a su^le-comb an*! a wbte 
bird with a rose-comb, all foe oflSpnng will clearly be BlueAndalusian 
m colour, with rose-combs Butwe mi^t expect either of two ^h 1 ng^c 
to happen m the second gcneration. Either the fectors for black and 
Single will stick together when the first generation forms its gametes; 
and then the only pure-breedmg types vre shall get will be black 
single-combs and wbte rose-comb a^in, like foe grandparents. Or 
else foe fectors can separate, if so, foen we shall get gametes containing 
^ fector for wbte with that for smgle-comb, and those c ontaining 
fectors for black and for rose-comb, as well as foe other two types. 

btbscase,madditionto typeswbchvullnotbrcedtrue, weshould 
get four pure-brecdu^ types m foe second generanon— not only 
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blacks withsinglc-combs and whites withrosc-combs like tlic grand- 
parents, but also two new types, blacks with rose-combs and whites 
with smgle-combs And this is what actually happens. Tliis again is 
most simply shown m a diagram. Let us call s (he factor for singlo- 
OTmb, 5 the other form of (he factor, responsible for rose-comb. 
Then the results arc as follows*— 


parents BB ss x. bb SS 

(black, single) (white, rosci 

parents' gametes Bs X &S 

1st generation Bb Ss (Andalusian rose, but not breeding 

true), 

^ 

1st generations' gametes ^ 

'BS B.S ■) 

J Bj Bj [ill equal propor- 

. 6.S I tions 

J.S bs J 

Each type of gamete has an equal chance of fertilizing any otiicr type 
of gamete, so that we shall get m the second generation the following 
puro-brccding types*— 

BB.SS (black, rose-comb); 

BB ss (blade, smglc-comb), 
hh.SS (white, rose-comb); 
bh ss (white, smglc-comb); 

as well as many other types such as Bb Ss, Bb.SS, or BB.Ss, wludi 
will not breed true. 

The fact of the independent segregation of different pairs effectors 
IS of the greatest practical as well as theoretical importance, &r it 
enables us to take to pieces the hereditary constitution, so to speak, 
and put it togc(hcr agam m new ways. More dchnitely, it enables us 
to take one particular Mcndchan character which happens to be 
desirable in an olherwisc undesirable stram or breed, and to combine 
it wi(h other desirable characters m anodicr breed. Hiis has already 
been done with great success m wheat in (he experimental plant- 
breeding station at Cambndge 

A great deal of Menddian work has been done witli the tiny 
frmt-Sy Drosophila, of whidi over ten million have been bred by 
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Fig 18 To illusttate Mendel’s second law, by means of a cross between two 
stnms of the &uit>fly Dnscphila meJanqgaster, one pure for die recessive gene v, 
detetmining vestigial wings, the other pure for another recessive gene, e, 
deter m i ning ebony body colour Ihe cornespondmg genes for the dominant 
wild*type characters are styled V and £ respectively The two genes arc lodged 
in diflhrent ditomosomes The duomosomes, together with th wr mtnanwt 
genes, arc represented diagrammatically The contam bodi F and £, and 
therefore show a reversion to wild~type In die formation of die gametes of 
Fj, segregation of V—v and £-e takes place md^endendy Thus four of 

gametes are produced, VE, Fc, vE and ve Ihese, timong at random, give, 
out of every sixteen mdividuals m Fj, 9 wild-type, three lon^wmged ebony, 
three vestigial grey, and one vestigial ebony one of each type will 
true The vest^jial ebony is" a new combination Either gbarar^ 
separately shows a 3 * 1 ratio 
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Morgan in America in pedigreed ailtures An example of mdepen- 
dent assortment in Drosoplula is given in hg. 18. 

Not all &ctor di&rences produce such big or such dear>cut 
differences in appearance as we have been considering. Sometimes 
the effects are very small, or the e&ct of one &ctor interacts with 
that of another, and the analysis becomes correspondingly more 
difEcult But the prindples discovered by Mendd remam the same-> 
the hereditary constitution consists of separate units, and diese 
segr^te at reduction. Hus discovery is on the biological plane 
somewhat comparable to the discovery of the atomic structure of 
matter. 

One point concerning human heredity deserves mention. People 
are ofiim puzzled at the great divcraty of physique and temperament 
and abihty between members of die same &nily, although bom of 
the same parents and broug^ np m die same home This, however, 
was only difficult to understand be&re we had Mendel's prmaples 
to guide us. For such diversity is exaedy what is to be prophesied if 
there is independent segregation of s^perpetuating Actors It is 
extremely unhkcly that two human gametes, even fixim die same 
parents, will receive an identical outfit of fectors at reduction; and 

even if ffie mother were to achieve theimprobablcresultofproduong 

two identically constitated ova, and the &ther two sperms whose 
were alik^ there would again be enormous odds (many 
milliftng to one) sgainst die two smular sperms, among their huge 
aowd of competitors, happening to fertilize the two similar eggs 
On the other hand, if a fertilized ovum were to divide into two, aM 
cachpartdevdopcdmtoawholeorganism (sapp 246-7), we shorn 
expect both to be very similar, since bodi would possess the same 
hereditary dnomosome outfit. This apparendy is what happens in 
the produedon of so-called *‘idcnrical” twins, which as we know are 
often so alike as to be indistinguishable (Plate 7 (n)) 

Anodicr difficulty often raised is the feet that gemus usually is not 
inherited. Again, however, this is to be expected on Mcndclian 
prmaples. IC as is probable, gemus is the result of a very unusual 
hereditary combination effectors, then at the formation o 
this combination will be inevitably taken to pieces again. It 
not be forgotten, however, that when we take the averages o ge 
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numbeis these inegulanties become smoothed out, and we find a. 
strong average resemblance, due to heredity, between paroit and 
nfl& pnng, or between brothers and sisters Ihe science of biometry 
deals with studies of this sort, and is very important when we axe 
f^pallt^g with heredity m human b^gs, as m them, of course, experi- 
mental breedmg is impossible, and the collection and handling of 
statistics IS ofien the best method available. 

It appears, then, that the hereditary Actors not only are contained 
m the duomosomes, but that each one is always situated m a particular 
chromosome, and m a particular spot in that chromosome Thus, 
each chromosome is different fi:om every other, and each contains a 
great number of these Actors arranged along it m a defimte order, 
each fiictor always keeping between the same two neighbour fiictois. 
Further, it appears that by ^ the greater part of the &ctors that 
determme inhentance from one generation to die next is situated 
in this way m the chromosomes Thus, the diromosomes are, or at 
least contain, die hereditary constitution of the animal or plant, and 
all the chromosomes taken together, from this pomt of view, consti- 
tute one great unit, composed of a very large number of smaller umts 
—the Actors— which are arranged withm the large umt m defimte 
positions, and m defimte proporUoDs 

The whole is like a gigantic smgle orgamc chemical compound, 
smce the molecules of such a chemical compound are all made up of 
smaller parts— the side-chains and radicals and single atoms Here, 
however, each of the constituent umts is ahve, and must have the 
power of self-reproducuon; thus, the linking of the umts together 
m a defimte way ensures the constancy of the whole. If there had been 
an excess muluphcation of one of the factors during die rasting period 
of a cell, even so, when die cell came to chvide and the chromosomes 
to fiirm, only the same relative amount of the &ctor cxiuld become 
linked up with the odier factors of its chromosome. So the chromo- 
somes are not only a self-multiplying but also a self-regulating piece 
of machinery. 

In ordinary inhentance, then, we have the handing down firom 
parent to offipnng of chromosome outfits, or, m other words, of sets 
of herechtary Actors; and it is on these that the c onstanc y of a speaes 
depends. They deade that a fowl’s egg shall become a fiiwl, a nd a 
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duck’s a duck, evea though they are hatched m the same incu- 
bator. They, reactmg -with the eaviromnent, detennme what the 
adult organism shall he. 


Apparently, however, shght dianges sometimes occur m the fee- 
tors, usually m a single one at one time: these changes ate rallw^ 
mutdtions. Whereas an animal may nonnaliy have red eyes or a gt^ 
body-colour, mutabons may arise which cause 14 even thnngh 
brought up m the same conditions, to havepink eyes or a blac k body- 
colour. (These particular mutations have actually been found in the 
htde fly Drosophila ) When mutations occur, they are »ihi»nft»fi m 
Mendehan feshion; the separation of pairs of chromosomes at 
reduction, and the subsequent meeting of various sets at m 

fertilization, shuflles and recombmes in every possible way any 
mutations that do occur 


Thus, while the chromosomes m act as a regulator of the 

constancy of the race, the occurrence of mutations and their subse- 
quent combination in new ways by sexual reproduction provide the 
possibihty of change Theideaofseparatefectorsisimpoitaiitiferit 
means that when we are dealing with an animal’s hereditary consti- 
tution we have not got to take it as an undivided whole, but as 
something which can be analysed into separate units, just as a chemical 
substance can be analysed into difl^rent elements m definite propor- 
tions and atrangemenL 

With dns m mind we can turn to another question We have 
discovered m outline how mdividuals are connected with and related 
to other mdividuals of the same speaes; now we must ask whether 
whole species are not perhaps connected with or idated to other 
whole speaes 

There is always a struggle for existence going on in nature. From 
eadi pair of fi:ogs that breeds, over a thousand fertilized eggs are 
produced every season; and yet the number of feogs does not 
mcrease firom year to year There is, m feet, m every organism an 
over-production of young, and consequendy competition Since 
this takes place m all speaes, there is what we may metaphorically 
call a pressure of life, the demands upon space and subsistence are 
greater than the supply, and in every generation only a few of the 
young produced can reach maturity. 
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Thereis further the ^ of the hereditary transmission of characters, 
and the origm of new characters by mutation and recombination. 
In other words, organisms are condnually varying, and some at 
least of the new vanations can be mhented. 

As an inevitable consequence, if anewinhentable vanation appears 
which IS of any advantage whatever m the struggle, it will help its 
possessor to survive, and so will on the average be transmitted to later 
generations more often than other variations whirh are useless or in 
any way harmful The new vanation may be directly useful m com- 
petition with the other members of the spedes, as for mstance if it 
made its possessor more easily able to secure its prey; or it may 
remove its possessor hom competition with the others of the same 
speaes by httmg it to another set of conditions In any case, the 
struggle or pressure of life on the one hand, and on the other the hct 
that variation does occur and can be transmitted, will lead to what 
Darwm called Natural Selection — survival of types possessing 
useful vanations, in preference to any other types 

This will explam the j&ct that animals are adapted to then surround- 
ings, smce the unadapted or less wdl adapted could not survive; it 
will also eiqplam the fact that when we find a number of speaes of 
ammab all possessing the same general plan of structure, the difibrent 
speaes are generally adapted to hve m different conditions, smce any 
vanation enabling its possessor to live in new conditions wiU remove 
It firom competition with the other members of the species. For 
instance, the general plan of all fixigs and toads is very similar; but 
some hve near water, others m dner places, some altogether in water, 
others on trees, and so on 

The only explanation, m fiict, of the resemblance m stnictuce 
between different firogs and toads is that they are all m very truth 
rdated, descended through milhons of generations firom a rrunmnn 
original ancestor, and the explanation of their differences is that, they 
are due to vanation and natural sdection, the random raw rnatmsil 
of the former bong sifted by the latter. 

The badcbone of the evolution theory is that all speaes have 
descended from other pre-existing speaes, and the backbone of the 
generally current expiation of evolution is that adaphihnii is due 
to variation (mutation) acted upon by natural selecrion. 




are not merely pigeon-holmg them for convemence; we pigeon-hole 
toem m this one particular feshion because we beheve them all to be 
desccndedfromacommonongmalanccstor The classification aimed 
at by zoology is a natural classification, aiming at a grouping of 
animals accordmg to their blood relationships. Thus, we believe that 
all frogs, toads, newts and salamanders are descended from a onmtnQp 
aiicesttal form with an amphibian organization, and all snalcpc, 
lizards and other reptiles from a common ancestor with a reptihan 
organization 


But the organization of amphibia has many pomts m common 
widi reptiles, as also with fish, and with birds and widi mammals, 
mdudmg, as we previously pointed but, man himself All of these 
ammals possess giU-shts and a notochord at some stage of their deve- 
lopment, a backbone, red blood, a nervous-system lymg along die 
back, and so fbrdi; they are therefore all classed as vertebrates (or 
chordates, with le&rence to the notochord), and there is no escape 
fi:om the conclusion that, m the course of an exceedmgly long space 
of time, to be reckoned m tens or perhaps hundreds of mdlmns of 
years, they have all descended from an otigmal common ancestor 
Behef in die occurrence of evolution, quite apart firom any theory 
of how It has happened, is fiirced upon us by numerous sets of ficts, 
which remain quite unexplamed on any other supposition In die 
first place, as already menaoned, there is the fiu:t that ammals can be 
arranged m groups (such as the vertebrate group), each group with 
a smgle general plan of organization; and that withm each group 
there are sub-groups with their own speaal modification of the 
general plan (e g., birds or the amphibians withm die vertebrates) 
Secondly, we have the fact that ammals durmg development often 
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Fig 19 Homology and convotgence In membeisoftheduee classes zq>tiles, 
mammals and buds, effioent flying organs have mdependendy evolved 
(convergence) The fote-hmb is always utilized as the mam part of the wing, 
and Its general plan is retained throughout Qiomology) But the details are 
diSerent m each case The mam support (apart fi»m the upper and lower 
arm bones) is, m the pterodactyl, the fifth or “htde” finger, m the bat, die 
second to fifih fingers, m the bird, the quills of the feadiets Accordmgly, 
only m the bird is the hmd-hmb not required as part of the support of the 
wing, and is left free for odier functions 
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pa& tbougji siagM in whici difiy resemble 0 & 

animals of Ae same group. * lie frog m the tadpole stage 
and even the embryos of fowls and men possess gdl-slits. Both fiog 
and rnaUi altbough tailless when adults possess when young 
(Plate 11). All this is very difficult, if not impossible, to Mp1a]u nnlftw 
we suppose that our remote ancestors, and those of buds and £cop 
as well, lived in water and possessed gill'^ts and gills (Fig. 12 and 
Plate 10). 

Thirdly, we have the esdstence of vestiges Vestigial, or as they arc 
ofren mcorrectly called, rudimentary organs, are o^ans which arc 
of htde or no use to their possessor, although m reh^ fnmw diey 
are larger and obviously have a frmction. In for wfamp lft , the 
appendix, the hairs on the body, the fold of skin at the inner comer of 
the eye, and the skeleton of the tail are wholly or paidy vesbgiaL 
They exist today chiefly becauseourancestorspossess^th^mmoie 
devdoped form. The fold of skin m the inner comer of our eyes, for 
instance, is the remains of the large movable third eyehd of many 
lower animals. In whales the whole brnd nlitnh has become vestigial 
(Fig. 91). If you look at the hairs on the outer side of your arms, you 
will find that on the upper arm they pomt obhquely downwards, on 
the foie-aim obhquely upwards->dl of them, m fret, towards the 
dhow. That is no good to you. But it appears that some of the apes 
have the habit of keeping their bodies (hy in the ram hy dasping 
them hands in finnt of their neck. Tie tam runs down die ham 
towards the dbows; these are alitde out from die sides, and the long 
hairs stick out from them to fimn a kind of spout, ficom whose end 
the rain pouts offitight away from the body 
Fourthly, we have the fiux that m species of the same group which 

are adapted to difierent methods oflifo, the same plan lecuismoigaas 

I 

• TUs IS called the Law of Seeqatulatln ItisofteastatMmtliefotmgivnitoitbrBUtfi^ 
that evetT^ammal in the couise of its individual devdopmeat tijnite to leeapitalate the 

thence But the dlscomer of the law-vonBaer-^yatated that the eaily stages of idaw 

animals xesemUeeadi other man than the adults And caiefoland^dunn that the aneestw 
stages do not iwn»nt the odoB stages of bygoos ancestce^ but stages m their devdq^Mob 

A man passes through a stage with gill dits because the emltc^ of Booe remote ancestor of w 

had gin dita, not duectly bmuse Uie adult ancestor had In some eases the ctoacW 

recapitulated ere obvioudy ftose of ft larva and could not lava been those of on adult — 
for inatanGe^ of the three segmented nanphus of Qrustaeea (F^ 1 ) Ifeual^. howevgi 
onlc anwwitai diatactcis 8X0 stfiit/ar to the adult aneestnl diaxaeteiSi os idtb theiec^tuisw” • 

of gill'dits or notodiari, because the ancestral torn possessed the diaiaeter in questm BOD w 

tthff * of Its devdwnient onvraidt^ as m a fish today giU-dlts appear m the stage 
piimaxy difleteatiation and persist throughout life 
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adapted to tiie most difiereat uses. For instance, m die skdeton of ther 
fote-lnnb in all land animals, altbougli bones may Rise together in 
some, or altogether disappear m others, the same,general plan recurs 
throv^hout This one plan can be seen in the supporting limb of a. 
Rog, the paddle-l]kefore4imbofa whale, the runnmg limb ofahorse, 
die flying limbs of birds and bats, the arm of man Great diflerence m 
detail of adaptation, together with great sunilanty m general plan— 
it IS difficult to account for this except by common ancestry and a 
common plan gradually modified m the course of evolution (Bg. 19 
and Plate 1 (i)). 


Finally, and most conclusively, the fossil remains of animals Rom 
' earher periods of the earth’s history ofim show us actual mteF- 
mediate stages m evolution For example, the horse has m its fore 
Riot but one finger which it usk, together with two tiny vestigial 
fingers, the sphnt bones. If we accept die idea of evolution, we must 
suppose that these vestigial fingers were once used, and as a matter 


of Ret, ifwe look at fossils Rom a c^rtam period (the Miocene period 
of the Tertiary epoch), we find no true horses, but animals whidi, 


diough very hke horses m most ways, possess three well-formed toes 
on the fiiot (Fig 57 and Plate 1 (n)) 


i^iain, to take an illustration on a large scale as well as one on a 
small, if we go back steadily in the history of the earth, we come to a 
time when man did not exist, or at least no traces whatever of bis 


existence axe to be Riund preserved m the earth's crust. Then, long 
previously, to one when all the marnTnaj s were small and prmudve, 
and all the birds toothed; then, to a time, when there were no mam- 


mals or birds at all, but great reptiles, many of types now unknown, 
were the dominant hvmg thi^, before that, to a time without 
reptiles, when amphibia were the only land vertebrates; and before 
that again, to a world without land vertebrates at all, but still with 
fish m the sea, and finally, a stage is found m which there are no fish , 
but only marme invertebrates (Figs 55, 82). 

The study of heredity showed us that each mdividual arose Rom 
actual portions of hvu^ substance whidi had once Rirmed part of 
other mdividuals The study of evolution shows that speaes 
Rom other speaes Withm a sin^e speaes there are a number of 
parallel streams of hvmg substance flovnng throigh the generations; 
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but these paialld stteams may diverge, and the ongmai species 



the whole of life must be looked on as a smgle mass of hvmg substance, 
flowmg on m tune, and divided m the course of its history into a 
number of separate courses of dif^rent size, the mam groups, the 
smaller groups, and dbe speaes. The alterations in die brandbes of this 
mass of living substance we call evolution. 



CHAPTER THREE 


EXCHANGES OF MATTER AND ENERGY 


Although there are many features of anunal and human 
jLlMe which have notyet been, and perhaps never wili be, esplamed 
m terms of physics and chemistry, still we can apply to animals, 
mduding man, certain great prmciples, such as the laws of the con- 
servation of mass and energy, without restnction. It will be necessary 
to give a brief proof of this statement, &r if it were not true we could, 
for example, never be certain that a man was not obtaining energy 
from unknown sources, in which case physics would be of very htde 
use to the biologist 

If we put a man on a very sensitive balance it is impossible to obtain 
his weight qmte accurately, because at every swmg the scale contam- 
mg the man rises shghdy higher. He is losmg weight, that is to say 
losmg matter, at every moment of his life. Obviously, some of this 
matter is water vapour. At the body temperature the breath is 
saturated with water vapour which condenses into drops on a cold 
surface or m cold air Besides das there is a constant slight loss of 
water vapour from the skm even m the coldest weather, and in very 
hot weather a man may lose over a kilogram of sweat an hour. 
Besides water vapour we are always losmg carbon dioxide in our 
breath, and a very htde from our sk^ This may be easily shown by 
breathing out through a tube dipped mto hme water (CaOsH.). The 
carbon dioxide of Ae breath combines widi this to form a white 
precipitate of chalk (CaCOa). We can measure the production of 
CO 2 and HjO very accurately by puttmgaman, or better, an animal 
mch as a dog or mouse, mto an airtight box. Air is passed into this 
box through botdes containing strong sulphuric add (to absorb 
^ter vapour) and caustic soda (to absorb carbon dioxide). On 
Iwvmg the box, it passes through similar botdes, and by weighing 
them we can determme the animal’s ou^ut of carbon dioxide and 
of wter (Pig. 20). Nothing else m wcighablc quantity has been 
added to the expired air, but it has lost oxygen, as may be proved by 

takmgasample and making the oxygcnmitcombmewidi hydrogen 

or some other easdy oxidizable body. 
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The man or animal has therefore gained some oxygen fix>m the 
air and given up carbon dioxide and water to it. Besides these, m the 
course of a day he will eat, dnnk and exaete, and we can weigh bs 
food, dnnk and excretions, and dius construct a balance sheet The 
foUowmg represents a typical day*s balance sheet for a resting mar 
weighmg about ten stone 

Gain Loss 

Food, 1 1 kilograms (of which 0 60 Sohds (mostly dissolved m unne), 
kilogram is water) 70 grams. 

Drmk, 1 5 kilograms of water Water excreted, 1 3 kilograms 

Oxygen, 0 7 kilogram, or 500 hires Water evaporated, 1 1 kilogtams 

Carbon dioxide, 082 kilogram, or 
425 hires 


Tbs leaves him with a gam of 10 grams for growth, and if he is 
weighed before and after the experiment he will be found to have 
gamed 10 grams It is dear from the above balance sheet that much 
the most important cheimcal change taking place m the man is the 
combmation of the carbon and hydrogen of his food with the 0 7 
kilogram of oxygen to formO 3kilogram of water andO 82 kilogram 
of carbon dioxide Now this is exaedy the same change wbch occurs 
if we bum the food, a bet discovered by Lavoisier m the eighteenth 
century Hence, if wc put our man or annual mto a calomncter for a 
day and measure his heat production, and then bum m another 
calorimeter a quantity of food exaedy equal to the amount wbch he 
has eaten, we can make an energy balance sheet like the mass balance 
sheet produced above Vanous ^owances must be made, of wbch 
the most important are the foUowmg Some of the sohds excreted 
are not entirely oxidized, so we must bum them m a calorimeter and 
subtract the energy thus obtamed from that of the food Again, some 
energy has been wasted m evaporating water (1 1 kilograms of water 
require 630 kilocalones* for dior evaporation) We must also allow 
for the energy of any food wbch is stored up but not oxidized If 
die man is m a calorimeter all bs mctemal work will be converted 
mto heat by fiicnon, for example he may be made to nde a fixed 

* The kilocalonc of 1,000 calones is the unit of cangy uhich is most useful in boman physiology 
It fs sometimes called the “laise calone." 
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bcyde -with a brake We can now construct an energy balance sheet 
as Mows for the resting man considered above:— 


Gain 

Loss. 

Itom &od, 2,400 kilocalones 

Less waste &om unoxidized emeta, 
ISOJolocabnes 

Net total gam, 2,250 kilocalones 

Heat lost by conduction and convec- 
tion, 1,500 kilocalones. 

Latent heat of water evaporated, 
630 kilocalones. 

Heat used m warming food and dnnk 
to body temperature, 60 kilo- 
calones 

Total loss, 2,190 kilocalones 


This leaves bun VTith 60 kilocalories stored up probably mostly as 
fiit) for future use. It has been found by experiment that the more 
accurately all the measurements necessary ate made, inan espeiiment 
of this kmd, the more nearly do the gam and loss of energy balance, 
so long as the body neither gains nor loses matter. That is to say, die 
law of the conservation of energy holds for men and animfllf They 
do not obtain energy foom any mysterious sources, not do they 
convert it into any forms which cannot be reconverted mto heat. 
The energy arises from the recombmation of oxygen with carbon 
and h^gen, from which it has been separated by plants. The 
^ohydrates, frts and proteins formed by the plant are largely eaten 

by annuals, wbch use them pardyforgrowthandrcpair, but mainly 



The j ^ L “cwfore gets air foe fiom CO. and H.O 

ws CO. ^ X 

Oj consomptKML 
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as a source of energy A carnivorous aiumal obtains its energy 
second- or durd-hand &om the plant, but m the long run all anmid 
energy, just like the energy derived from coal, is stored sunhght 
We can now consider the energy values of different foods, and the 
energy requirements of different classes of people. Foods consist of 
water, salts, carbohydrates, &ts and proteins. Energy can be 
obtained firom the oxidation of the latter three. Proteins are not 
completely oxidized by animals, so we have to deduct the energy 
value of t^ unoxidized remnant hrom that of die ongmal protein 
When this deduction has been made we find that the energy values 
are as follows.— 


1 gram carbohydrate =41 kilocalones 
1 gram &t =93 „ 

1 gram protem =41 „ 


That IS to say, fet is more than twice as good a source of energy, 
weight for weight, as any other food It must be remembered that 
while &tty fooi such as butter and lard contam very htde water, and 
bread, which is oui greatest source of carbohydrate, contams only 
about 10 per cent; meat, though most of its sohds are protem, 
contains 75 per cent of water We obtam most of the energy we need 
from carbohydrates and fats The proteins, though they also supply 
energy, arc mainly reqmred for the growth and repair of our 
bodies. 

The accompanymg table shov^ the energy values per pound of a 
number of foods, and the number of calones that could be bought for 
a. chilling when this table was compiled 


Food 

White Bread . 

Biscuits 

Oatmeal 

Sugar 

M& 

Butter . 

Cheese (Cheddar) 
Lard 

Beef (round, lean) 
Beef (rump, &t) . 


KiJocalorus 

KthcaJortes 

Protem 

per lb 

perdtiUtng 

percent. 

1,200 

5,760 

8 

1,900 

1,750 

10 

1,810 

5,430 

15 

1,815 

6,400 

0 

314 

1,260 

33 

3,490 

2,090 

1 

2,080 

2300 

28 

4,090 

4,260 

0 

650 

650 

20 

1,360 

630 

13 
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Kilocalones 

Kilocalories 

Protein 

Food 

per Ib 

per Mlmg. 

per cent 

Bacon 

2,370 

1,580 

9 

Hexnngs (fitesh) 

360 

720 

11 

Potatoes 

300 

3,610 

18 

Cabbage 

120 

1,450 

14 

Apples 

215 

430 

03 


The energy requirements of a man or animal vary, like those of a 
machme, according to the amount of work he is doing, but, imhkfi a 
machme, an animal, even when resting completely, needs a con- 
siderable amount of energy, partly for mtemal movements, such as 
those of the heart, the gut, and the muscles concerned m breathing, 
pardy, m the case of warm-blooded animals , to maintain the body- 
temperature Above this mmimum, additional energy is required 
according to the amount of work done An mdividual musde, say 
the biceps of the upper arm which bends the elbow, may have an 
effiaency as high as 40 per cent, that is to say it can turn mto work 
nearly half the energy tlwt it denves from food and oxygen, but if we 
consider the body as a whole the efficiency is a good ded less, smrt* the 
heart has to work to supply the muscle with its blood, the lungs and 
gut to supply the blood with oxygen and food, and so on, m which 
process much potential energy is converted mto heathy mtemal fric- 
tion As a matter of fret, we find that the effiaency of the body as a 
whole IS never more than about 25 per cent Even this, however, is 
greater than the efficiency of any heat engme of the same weight The 
advantage of mediamcal over animal power is not that the marTuti/* 
IS mote efficient, but that its fuel is dbeaper, and that it does not waste 
energy while it is not working. 

If we take a man s output of energy per mmute when lymg down 
as 1, it will be about 1 4 when he is standing, 4 when he is walkmg at 
three miles an hour or doing moderate work with his arms, 10 durmg 
fairly hard work, 15 dunng the most violent exertion of which he is 
capable for any length of tune, and over 50 during very violent work, 
such as a hundred-yard spnnt His intake of oxygen and output of 

carbondioxide vary directly with the amount of energy set free, and 

if he IS to keep up his weight he must eat enough fijod per day to sup- 
ply the energy which he is hberating The following table shows the 
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energy requirements m biocalones per day of difierent workers each 
weighing about 65 klogiams (10 stone). — 


Prtfession 

Energy needed in food 

Qerk 

2,410 

Tailor . 

2,510 

Cobbler 

2,940 

Metal worker 

3,290 

House painter 

3,500 

Carpenter 

3,550 

Stonemason 

4,660 

Woodcutter 

5,400 

Cydist (taang for 16 hours) . 

10,240 


The cydist probably could not eatlbe required amount of^od per 
rday, and so had to use up his own &t as a source of energy 

The energy output ofarestmgTi<^im--hloodedaimnal (mammal or 
bird) IS proportional to its sm&ce, not to its weight or volume Thus 
if two dogs are of the same shape, but one twice as long, high and 
broad as the other, it weighs eight tunes as much, but needs only four 
times as much food per day, as its surfiu« is only four tunes that of the 
small dog. Thus children need a great deal more food per pound of 
their own weight than do adults for energy production alone, besides 
their requirements for growth Similarly if we compare a large cart 
horse wdghmg a ton with a ton of men (13), a ton of fowls (500), 
and a ton of imce (55,000), their food requirements will be propor- 
tional to their total surfaces, and the men will need 3 7timesasmuch 
^ergy per day when at rest as the horse, the fowls 8 tunes, and the 
■ nriirft 25 times. This law does not hold for **cold-blooded anim a l s 
A bbnngb m the long run the oxidation of food is our only source 
of energy, yet a muscle or gland can work for a short tune without 

any oxidation The immediate source ofmuscular energy seems to be 

(he breakdown of a compound of sugar and phosphonc add into 
lactic and phosphoric acids. This chemical reaction is used as a source 
of work, but to put its products together agam so diat they can furnish 
more work, sugar must be oxidized, so a miisde cannot work for long 
without being supphed with oxygen In a sprmt of 100 yards the leg 
muscles work fester than we can supply thm with oxygen, and are 

very short ofit at the end So ifm running a quarter-mile, a runner 

-sprmted <1nnng the fost 100 yards, his musdes would be short or 
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oxygen for die rest of die race, and would work ineffiaendy. It is 
better to put off die sprint to die end and run less rapidly at i^t, so 
that die musdes are able to get all die oxygen diat diey need. 

Our enei^ requirements can be made up m vanous ways, just as a 
fire may bum coal, wood or peat Thus a diet of 135 grams protein, 
80 grains &X, 500 grams carbohydrate will furnish 3,350 kilocalones, 
but withm fairly wide limits we can replace one food by another 
yiddmg the same amount of energy. Fifiy grams of die protem could 
be replaced by 50 of carbohydrate or 21 of fiit without redudng the 
protem mtake below what is needed for repairs But we cannot make 
out a dietary on a basis of energy alone The tissue proteins are always 
breakmg down, and need a certam minimum ofproteinfoodto build 
themsdves up agam; whilst a growing child, a pregnant or nursing 
woman, or a man recovermg fi:om illness or building new musde 
during trammg, needs more than this. All kmds of protem are not of 
equal value A vegetarian, if he does not take milk or cheese, must eat 
more protem than a meat-eaterto ke^ mheallh, asvegetable proteins 
are generally less digestible than those of animals, and on digestion 
yidd products which are not in the best proportions for budding 
animal tissues 


We also need vanous morganic substances besides water, fi>r exam- 
ple, calaum salts for our bones, iron salts for our hsemoglobm, sodium 
chloride for our sweat Finally, our diet most contam small quantities 
ofatleast foui!, and probably five or six, dif^ent orgamc compounds 
generally called vitamins. We do not know the exact composition of 
these, though weknowagood deal about them, fiir example, thaton^ 
is a base (hke qumme or adienalme), two others soluble in od hke a ' 
fitor wax, andso on VitammAis a &t-hke and sod-soluble substance 


found m leaves and many natural &ts and oils. It is necessary for 
growh, and a shortage ofitleads to eye troubles and loss ofimmumty , 
to vanous diseases. B is easdy soluble m water and probably a base. 
It IS found m many hvmg tissues, notably yeast and the embryos of 
cereal grams. Its absence leads to a fodure of growth, and to afertions 
of the nervous system. C is watM'-soluble and ea^y destroyed by 
oxidation. It is found especially m fibuit and leaves. Its absence l^ds to 
scurvy D has properties and a distabutian sumlar to those of A. Its 
absence leads to n^ets and bad teeth, but it is formed whenever an at 
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present unknown precursor, related to cholesterol, and a constituent 
of most cells, is acted on, by ultra-violet radiation. So a plentiful 
eirposure of the skm to sunhght will make up for a defiaency of it 
£ IS an oil-soliible substance found espeaally in wheat embryo Its 
absence causes sterility, but not lU-he^th This list is probably not 
complete Someofdievitamms, especially C, arehabletobedestroyed 
by over-cooking, others are often removed widi the bran m nulling 
gram, so that human diets are often short of one or another of them 
Most plants can make some or all of them, and some animals do not 
reqmre them all. 

To sum up, a complete diet must mdude morganic substances, 
orgamc bodies which can be oxidized to yield energy, and a number, 
probably about twenty, of di£erent orgamc compounds which the 
animal body cannot itself budd up. 



CHASTER POUR 


TRANSPORT IN THE BODY 


E nergy is constantly being Lberated m every part of tlie 
body as tbe result of dienucal changes, so we must study the 
methods by which fi3od and osygen are distnbuted, and waste pro- 
ducts removed We may begin with the exchange of gases, which m 
our case we call breathmg Ihsunpieanimtahhkejelly-fishandmany 
worms there are no special organs &r this purpose Dissolved oxygen 
soaks through their skins firom the water m which they hve, and dis- 
solved carbon dioxide soaks out hi somewhat more compheated 
aeatures like the earth-worm there is a special fimd, the blood, one 
of whose functions is to carry oxygen firom the skin to the mtemal 
organs, and carbondioxide back In the most advanced water-dwellers 
we find special tufis of thin skin, the gills, into which blood is pumped 
by a heart or hearts, so as to expose it to water with which it may 
exchange gases Gills may be n^ed, as in the young tadpole, but 
usually, as dicy are very ddbeate, they are protected by hds or pouches, 
as m fish or lobsters, where they he behind the head on each side hi 
air-breathmg animals there arc two qmte different kmds of breathing 
organ Inmsectsandspiders,airiscarnedtocverypartofthcbodyby 
any branching tubes called trachea:, which open by numerous pores, 
mainly on the sides of the abdomen (Fig 21) In air-breathmg verte- 
brates and molluscs the blood is exposed in the lungs to air wbich is 
contmuaHy renewed by the act of breathmg. Some animals combine 
several methods Thus a firog can use its sk m alone for breathmg so 
long as it does not need much oxygen, but it normally employs its 
lungs as well 

The human lungs are dasac organs of a spongy texture, mnsisting 
of milhons of very small cavities which open into stiff tubes called 
bronchi These m turn open mto the wmdpipem the front of die neck. 
Since air cannot enter the space between the lung the chest wall, 
the lungs expand vhen the chest is expanded This can happen m two 
different ways In the first place the diaphragm, a sheet of muscle 
separating the chest and. belly, and bulging upwards mto the former, 
may contraa and force the contents of the bell v downwards and out- 
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war^ '^P«lJs^basesofiieltmgsdo\m,andd^^ 

Or die musda wluchlie between the nbs may contract so as to bring 
the nbs, ^ch normally slope downwards, mto a more hoiizo^ 
position. The breast-bone is thus pushed away from die vertebral 



Fig 21. Final lamificatiODS of tradbes (tiachedies) in a cater- 
pillar. t, a small trachea, prevented fiom collapsing by its 
spirally wotmd chitinous thirktwitfg t e, a cell m which con- 
nexion is made between a trachea branch of smallest size and 
anumberoftxacheoles, c Thaig airirf-hati yiffh !«« than 

lju m diameter, which nm widim the bodies of elongated 
ceQs, whose nuda are seen m the figure, and require no special 
strengthening m their walls ^romlmms, after Holmgren) 

column, while at the same time the diameter of the dbestfrom side to 
sideismcreased, and dielungsexpandtodlltbeextra volume Musdes 
acting m the opposite direction d>rce the air out agam if necessary; 
gene^y the eksbaty of the lungs is sufiicient Tiius the air to which 
the blood m the lungs is exposed is constantly being changed The 
msptted air contains 21 per cent of 0« and only 0 03 per cent of CO*, 
wl^t the expired air (after being dncd) contains about 17 per cent 
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Fig 22 A human heart seea from the ng^t»widii3^t 
aunde and ventnde opened 1, antenoi (supenor) 
vena cava; 2, postenor (mfenor) vena cava; 2', hqratic 
veins, 3, aunde, 3* is just to the left of the aperture 

of the coronary vein, Tdudi returns blood fiom the 
substance of the heart, 4, 4, n^t ventnde, 4', one of the 
papillary musdes, attached by diordse tendineas to 5, 
5', S', the tncuspid valve between nght aunde and nght 
ventnde, 6, window cot out to show cavity of the 
pulmonary artery, at whose base three semilunar valves 
axe seen, 7, ductus axtenosus, denved fiom part of the 
embryomc arterial arch system, and connectmg pul- 
monary artery with 8, the aorta, 9, artenes to head, nedc 
and fore-hm^, 10, part of left aunde, 11, part of left 
ventnde (Allen Thomson ) 
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of Os and 3 per cent of COs. To understand how tbs change occurs 
we must study the circulation of the blood. 

The blood flows to and from the heart, as we have seen, through a 
closed system oftubes known as arteries, veins, and capillaries. Itleaves 
the heart by the arteries, wbch are comparativdiy thick-walled, and 
seldom near the surflu%, and returns by the veins, wbch have thinner 
walls, and often he just below the skin. It passes from the artenes to 
the veins by the capiUanes, wbch are too small to be seen with the 
naked eye, but are found m almost every tissue The most easily felt 
artenes m'man are those of the wnst and temple, the most easily seen 
vems those on the back ofthe hand and foot Finally, the heart, wbch 
pumps the blood round, is ahoUow muscle widifour chambers, lying 
between the lungs, and about as large as the two flsts together. A 
diagram of the course of the cnculation m man will be found m Ftg. 
23 The blood from all parts of the body excqpt the lungs enters die 
heart &om behind, near the nght-hand top comer, and flows mto a 
chamber called the nght aunde. Tbs contracts rhythmically [the 
average rate m a grown man at r^t is about seventy times a mmute) 
and fortes its contents mto a thicker-walled chamber lymg below it, 
the nght ventncle As soon as tbs is full it contracts m its turn The 
blood IS prevented &om returning mto the aunde by a valve, called 
the tncuspid It therefore flnds its way out tbough the pulmonary 
artery, wbch leads it to the lungs The semilunar valves at the base of 
the artery prevent it firom flowing back mto the ventnde when this 
relaxes at the end of its stroke, b the lungs it has to pass through capil- 
lanes m the walls of the air sacs, so that it is only separated fliom the 
air by a very fine membrane, and can easily lose its carbon dioxide and 
take up oxygen It returns firom the lungs by die pulmonary vem, this 
tune to the left aunde, wbch contracts at the same time as the nght 
aunde, and fills the left ventnde The left ventnde, wbch is assisted 


by valves not unlike those on the nght side of the heart, forces the 
blood mto the largest artery, an dasdc tube called the aorta, Bxrno. 
wbch It IS distnbuted all over the body by the other artenes (Fig 22) 
One way of forcmg it round tbough the narrow capiUanes would 
be to have a cistern at die top of die head from wbch it flowed down 
agam, but tbs arrangement would dearly not work when its owner 
lay down. In reahty, a feirly steady pressure is kept up by die &ct that 
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the walls of the aorta and the aiteri^ are always stretched, and con- 
tinue to squeeze the hlood along between the strokes of the ventndes 
The pressure m man is about that of a column of blood 1*7 metres 
high, i.e , equal to the head of blood whidi would be obtamed from 
a astern 1 7 metres above the heart The heart of a grown manat rest 
dehvers about 8 htres per nunute^ or just over 100 cubic centimetces 
per beat During eserdse the heart may dehver three or four times as 
much per minute, mostly as the result of an increased number ofbeats 
per mmute. The beat of the heart whuh is fidt bdow the fifth rib on 
the left nde is due to the left ventdde striking the wall of the chest 
each tune it contracts and stififeos. 

The blood is squirted along the arteries at a rate which, may be as 
high as 50 centimetres a second, and each fresh wave causes apulse m 
theartery Ifan artery is cut, the blood comes in a senes of spurts from 
the side nearest the heart, and can be stopped by pressure on the heart 
side of the cut It is easy (and safe) to stop the pulse m the wrist by 
pressmg on the same artery h^hcr up, either inside the elbow or mside 
the upper arm just below the armpit, where it can be felt. 

The bbod flows through the capillaries very slowly, at about half a 
milhmetre per second Thar average length is about a millimetre. 


between the blood and the tissues with great ease (Fig. 24). 

From the capiUanes the blood oozes gendy mto the vems. They 
have no pulse, and a comparatively small pressure and ram of flow. 
A cut van bleeds steadily and the flow can be stopped by 
the side away from the heart. The flow ofblood m the vans is as&tel 
by thepresenceofvalvesmthem, whichonly allowitto move towards 
thehcart IfthefingertipberunaloiigoneofthevemsofdieforcKum 
away from the heart, thevem will dilate on theheartsideofeach valve. 
When therefore the contraction of various musdes squeezes the vans, 
t^ blood can only flow towards the heart If a man stands quite still 
the blood tends to accumulate in the vans of his legs, and he is liable 
to ^tfromfrilureofthe supply to his bram Whaihc starts walking 

the blood is at once squeezed out of these vans. 

The on^ veins in man which do not lead straight back to the heart 
are those from the digestive canal and some other abdominal organs, 
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Fig 23. Dugnm of the couxsc of the arculabon m man Hie blood entcnng 
the nght side of the heart by the mam vem flows into JR id , the nght aundc, 
thence, through a valve, mto jR V, the nght ventnde, whith pumps it, 
through a valve, down P id , the pulmonary artery, to the lungs, Lg The 
blood here flows in capillancs, and is then gathered up into the pulmonary 
vein, P.V , and taken to the left side of the heart, gn tmng the left aundc, JLid , 
then (through a valve) flic left vcntiide, L V , and by this bemg pumped out 
(agara flirough a valve) mto flie aorta, Ao. Some of the blood (id*) goes to 
the head and antenor extremities, whence it is returned by the antenor vente 
cavae (T^), into which discharges the mam trunk'of flie lymphatic system, 
the thoraac duct (Th D ) The rest {A^) goes to the trunk and hmd>limbs. 
That whidi supphes the digestive tube [A1 ) passes to the hver (Ir ) by the 
hepatic portal vem (1^ P )} the hver also receives arterial blood direct by Hud., 
the hcpitic artery The hepatic vein, HV, joins the vans from flic other 
postenor regions, K*, and flows to the heart m the inferior vena cava, V.C I 
iM denotes the lacteal lymphatic vessels from the mtcstinal wall, Ly. onhnary 
lymphatics ^uxlc} , Lessons m Elementary Phystology, 1915.) 
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which pass into the hver Here, as we shall see later, the food absorbed 
by the blood &om the gut is dealt with (Fig 23) As the hver needs 
oxygen, it has also a supply of j&esh arterial blood 

lb most other animals the circulation is somewhat different Thus 
m a fish the blood only goes om% through the heart m a complete 
journey, instead of twice, and it all passes through the gills befiite 
gon^ on to the tissues In the jfiog, m keepmg with its two ways of 
breathmg, we have a condition almost half-way between thatfound 
m fish and men (p. 123) 

We must now consider how the blood acts as a camer of oxygen 
and carbon dioxide Water at body temperature will only take up one 
two-hundredth of its volume of oxygen firom air, if the blood were 
no better than this we should need a heart working forty tunes as &st 
as die one we have Actually the oxygen is earned round m loose 
(hemical combination with a body called haemoglobm This is apro- 
tein, but contains nron as well as the usual carbon, hydrogen, oxygen, 
nitrogen andsulphur.Itisofapurple colour, butbecomes red on com- 
buung with oxygen, which it readily takes up firom die air. Thus the 
blood m the veins is purplish, but if exposed to air either m the hmgg 
or by openmg a vem, it at once becomes red The haemoglobm which 
It contains enables blood to hold eighteen volumes of oxygen per 
cent, whuh is six-sevenths of die amount contained m the 
volume of air, and about forty tunes what the blood could carry 
without hsmoglobm Smcc blood carries dissolved sobds as well as 
gases, a smgjc set of capillaries supphes the tissues with aU that they 
need for activity, grov^ and repair, besides removing most of the 
waste products The carbon dioxide produced m die t is sues is mainly 
earned, not m solution as such (COg), but m combination as sodium 
bicarbonate (NaHCO,). 

If we look at a drop of blood under a microscope we see that it con- 
sists of a dear flmd full of hide mddisb-yellow bodies about 0 007 
millimetre m diameter, shaped like a round biscuit, with a depression 
on either suifoce. They can just be seen with a powerful hand-lens 
A cubic millimetre ofblood contains aboutfivc million, and, as aman 
has about 4 htres ofblood, the total number m bis body is about 20 
milhonmilhon. or for more than the number of men who havehved 
smee history began, or probably at all Their total surfece is about 

MSI — &* 
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1.500 times the surface of the body AU the hsmoglobm of theblood 
IS contained m them, and they therefore carry round die oicygenfrom 
the Osues Ibra huge surface area renders this exchange easy. They 

areceIkwhichhavelostdiennucleusandarethereforenot%ahve^ 



(A) 

Fig 24 (a) A large capillary vessel (from die mesentery of an anaodietiMd 
frog) showing the imgrabon of white blood corpuscles out of the vessel as 
a result of imtaaon caused by several hours exposure to air a, a, leucocytes 
m the act of passmg dirough the wall of die capillary, b, b, leucocytes which 
have passed nght out (Frey) (b) A small arteriole deft) and venide (nght), 
widi a network of capillaries connectmg diem, as seen m the web of a frog’s 
foot under a low magnification (After Allen Thomson ) 

but act as passive earners of oxygen They are always b eing produced 
jn large numbers m the bone-marrow, and destroyed m die spleen 
and hver when worn out 

For every 500 or so of these red corpuscles there is one white 
corpuscle. Those shown in Plate 12 have been stamed to show dieir 
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Rc ^ Ventral -new of the human thoraac duct {a, 6) It is seen to be co-^ 
netted wth other lymphatic trunks and glands (e g . those m the lumbar 

reyon. d), and to open mto the junction of the left jugular (/) and subdavian 

UJvcinsatc It hes just ventral to the spmal colum^ on eithtt side of wlnVb 
seen po^ns of the nbs (1) h, antenor vena cava, just antenor to ududi, 
P«ce of the windpipe (Huxley, Lessons m Bewentary Physiology, 1915 ) 


I 
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Structure. They are true ceUswithnudei, andsomeofthem are capable 
of active movements. There are at least six difierentkmds with Affer- 
ent functions, mostly of a protective character Thus one kind eat up 
parasites found m the blood, another kmAburrow through the walls 
of capillaries m inflamed areas, and remove dead or mjur^ tissue and 
disease germs, often forming collections of “matter” or pus (Fig. 24 
and Plate 12). Others produce substances which kill disease germs, and 
so on. The blood also contams non-cellular boAes called platdets, 
which are smaller than the corpuscles and are concerned m dotting 
and m immumty ; Aere may also be tiny drops of oil after a &tty meal 

Besides Ae blood-vessds, all vertebrates possess anoAer system of 
vessels whi A open mto Ae veins, but contam dear flmd called lymph 
Thelymphaticvessds slowly dramaway flmdfromthespaces between 
Ae cells. On Ae course of Ae vessels Ae flmd passes through small 
lymph-nodes or glands, whi A may be fdt under Ae skm m Ae neck, 
armpit or groin, before entermg Ae blood The lymph contains 
white corpusdes whiA are largdy produced m A^e ^bnA, and 
abnormal boAes foom Ae tissues are dedt wiA m Aem Thus if the 
armis inflamed, thelymph-nodes of Aearmpit are generally enlarged, 
as Aey are busy destroymg poisons or bacteria foom Ae inflamed 
tissue The lymphatics also pky a part m Agesbon, whiA we Aall 
study later ^ig. 25). 

We must now see how Ae cAs obtam Ae fooAtuf^ whiA Aey 
require Ih simple animals suA as polyps every cdl is so dose to Ae 
d^estive cavity that it can obtam food thence direcdy In most higher 
animals , however, Ae cells whiA Ime the ahmcntary canal and its 
glands are highly specialized for Ae purpose of breaking up Ae food- 
stuffs mto soluble forms and passing Aem rapiAy mto Ae blood or 
oAer body fluiA This process is called Agestion A fewmtemal para- 
sites like the tapeworm have no gut, but absorb Aen food Aroi^h 
Aeir skin, relying on Aeu: host to break it up for them 

The course of Agestion m man is as follows The food is chewed m 
Ae mouA, whereit is Ao moistened by sAva, aflmd seaeted mainly 
by three neighbouring pairs of glanA Two pairs of Acse he between 
Ae tongue and Ae lower jaw, Ae third pA (whose inflammation 
causes mumps) he bdow Ae external ear, mamly mside Ae lower j*aw 
bone. Besides moistening Ae food, sAva contains an enzyme, ptyalm. 
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wbch breaks up starch into an easily soluble sugar called maltose. 

Enzymes play a much larger part m digestion than do mechanical 
processes Eadi digestive enzyme is a definite substance Tvith the 
property of bnngmg about, or enormously speedmg up, a particular 
chemicd reaction Pepsm £rom the stomach vnll spht up half a million 
times Its weight ofprotein, but wiUnotalterstarchor &t So dehcately 
is an enzyme adjusted to the substrate on which it acts, that as most 
food molecules are asymmetrical (as we know from their rotation of 
the plane of polarized hght and thor asymmetncal crystals) so are the 
enzymes that act on them. Enzymes have been compared to keys 
which open certam locks only. But diey are like “Yale” rather than 
ordmary keys For we can mak e m the laboratory a sugar or peptide 
(partofaprotemmolecule) which only differs firomthe natural variety 
m that Its molecules are related to the natural molecules as a left hand 
to a nght or an object to its image m a mirror. Enzymes will not act on 
diese artificial substances, though they digest their mirror images 
which occur m nature So Ahce, who went through the lookmg-glass 
m the story, could not have digested the lookmg-glass proteins and 
carbohydrates She would have had to get her energy from fot and 
alcohol, whose molecules are symmetrmal, and would finally have 
died of protem starvation 

Enzymes are not alive, and can still work when removed from the 
body, but they are generally destroyed by boihng. The action of 
ptyalm can eaaly be shown A solution of boiled starch gives a blue 
colour with iodme If saliva is allowed to act on it for a few imnutes 


at body temperature or a few horns in the cold, the starch is broken 
down to sugar and loses this property. If the sahva is first boiled no 
change occurs 

When the food is swallowed, it is passed mto the gullet or oeso- 
phagus To get there it must pass over the mouth of the wmdpipe, 
and when any fells down this we diokc To prevent this, the breathing 
“Stopped while we swallow, and the cartilages at the top of the wind- 
pipe whidi are concerned m voice production are bro ugh t together 
so as to dose the top of thclarynx. Itis further protected by a cart^gin- 
ous hd at the back of the tongue called the epiglottis, which is pressed 

^ckwards over it by the food d uring swallowing The movements 
of the laryngeal cartilages can easily be felt As the food leaves the 
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moudi It passes out of die control of consaousncss and will. The 
movements of our digestive canal, except at the two ends, are earned 



Fig 26 The abdominal portions of the human 
digestive tube, ventral view R, nght, L, left sides 
of the body, oe, goUet (oesophagus) st, stomadi 
py, aperture of stomach mto small mtesbne 
(pylorus) duo, duodenum, opemng into the 
much-coiled xemamder of the small mtestine 
{Je/ and I/). This opens mto the large mtestmc, 
with Its caecum {ctee) and vermiform appendix 
(verm) It is divided mto colon, ascendu^ (il col) 
and descendmg (D col), and rectum {R) (Huidey, 

Lusons in Ekmentary Physiology, 1915 ) 

out by smoodi or mvoluntary musde and arc controlled by a special 
part of the nervous system over which the mind docs not preside 
The food or dnnk on leaving the mouth is seized by the smooth 
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muscle of the oesophagus, which contracts 
bdund It and relaxes m &ont, thus passmg 
It rapidly down into the stomach. Owmg 
to this gnppmg action one can eat or dnnk 
while standing on one’s head. 

The human stomach (Figs 26, 28) is a 
bag of smooth muscle hned with a mem- 
brane consistmg mainly of microscopic 
glands (Fig 27) When eiqianded it 
generally hold about 2 htres The gastric 
juice is a dear flmd containing about ^ per 
cent free HCl, and several enzymes, of 
wbch the most important is pepsm In 
presence of aad (though not m a neutral 
or alkaline flmd), pepsm causes proteins to 
break up mto bodies called peptones and 
proteoses, which have very much smaller 
molecules than the proteins firom which 
diey are denved, and are more soluble 
Some carbohydrates are attacked by the 
hydroddonc aad Thus each molecule of 
cane sugar is spht mto one of glucose and 
one of fructose, and mulm, a starch-hke 
body found m many plants, is broken up 
into fructose Fats are less affected m the 
stomach 

A meal remains m the stomach for a 
tune — ^generally between one and four 
hours— -which depends on the nature and 
quantity of the food taken All this 
the muscular walls of the organ are con- 
i^ctmg m such a way as to mix the food 
dioroughly with the gastncjmce Hardly 
3ny absorption occurs m the stomach 
When Its contents are fully mixed the 
muscular ring surrounding the lower 
orifice of the stomach, the pylorus, opois. 



Fig. 27 A simple gland 
from the stomach of a 
mammal (a bat) The nar- 
row duct opens above mto 
the cavity of the stomach, 
among cdumnar cells Ihe 
main part of the gland is a 
simple tube, fiscmed of a 
sin^ layer of cells, these 
secrete pepsm A few 
darker stained cells are seen 
near the outer side of the 
tube, these probablysecrete 
hydroddonc aad 
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and a jet of its contents is squirted into the duodenum, the top por- 
tion of the small mtestme After a heavy meal the stomach may take 
several hours m emptymg itself 

The human small mtestme is a tube about 6 metres long and 3 centi- 
metres m diameter when relaxed (Fig. 26) It is Imed by fine projec- 
tions of the mucous membrane, the vilh, which give it a velvety 



Fig 28 'Hiepontioii and shape of the moderately &11 
human stomach, as revealed by X-iay photography after 
a meal mixed with oxychlonde of bismu^, which is 
opaque to X-rays o, gullet (oesophagus), F, fundus of 
the sto mach (contammg air), F c , pylorus of stomach, 
opemng mto the small mtestme, u, position of the 
umbihcus (navel) on die surface of the body Thedotted 
lines mdicate the position of the badcbone 

texture, and mcrease tenfold die sur^ce available for absorption 
Between the bases of the vilh are the mouths of numerous micro- 
scopic glands, and just beyond die pylorus open the ducts of two 
large glands, the liver and pancreas The hver, among its other func- 
tions, secretes bile This contains substances which have the property, 
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possessed m a less degree by soap, of lowering the sux&ce tension of 
water in which they are dissolv^. Drops of oil or melted &t tend to 
jom up so as to have as small a surfice as possible. This tendenqr of the 
suifice to shnnk is prevented by the bile m the mtestme, so when ht 
drops are broken up there they do not coalesce again, but form a 
milky emulsion Hence the &t-sphttmg enzyme made m the pancreas 
can act on a vastly greater sur&ce of fat than would otherwise be 
available A man with jaundice from a blocked bile duct can digest 
milk, whose is already broken up, but not suet or butter, which 
form bjg drops The bile also contains pigments formed &om the 
haemoglobm of worn-out red coipusdes These are excreted m the 
feces and give them their ydlow colour In jaundice the bile duct is 
blocked, and accordingly the skm becomes ydlow and the faeces 
white Bile IS stored m the gall bladder till required. 

The pancreas seaetes ajmce conteming a number of enzymes. One 
of these, like ptyalm, breaks down starch mto maltose Odiers break 
down maltose to glucose, and lactc^e (milk sugar) mto glucose and 
galactose, a very similar substance Another breaks down fet mto 
glycerol and fitty aads, which partly combine with alkah to firm 
soap In every case the molecules formed will pass more easily through 
a membrane than those of the food If the juice contamed a protem- 
sphttmg enzyme it would probably digest the pancreas itsdf and its 
duct However, it contains a substance whidi, on mixing with the 
secretions of the mtestmal glands, yields trypsm, an enzyme which 
attacks protems and the products of peptic ^gesnon, breaking diem 
down mto ammo-aads These enzymes wdl not act m an aad 
fluid, so the bile and pancreatic and mtestmal jmces have to contam 
enough sodium bicarbonate to neutralize the aad of the gastnc 
juice 

The seaenon of the mtestmal glands, besides the substance which 
hdps to form trypsm, contains an enzyme which will break down 
peptones, though not whole proton molecules, mto ammo-aads 
There are also enzymes which break down milk-sugar and cane-sugar 
to sugars contaimng only six carbon atomg 

So fr as we know, no animal more complicated than a snail pro- 
ducesanenzymewhichwiUbreakupcellulose Butgrass consists very 
wgdy of c^ulose, and to digest it hoo&d animals and other plant 
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eaters employ bacteria tvlucb grow m their digestive canal In cud- 
chewers like the cow and sheep these bacteria hve m special compart- 
ments of the stomach; in the horse m the large mtestme, which may 
have a capacity of 200 htres The bacteria can get very htde oxygen, 
so they cannot oxidize the cellulose, but they turn a good deal of it 
mto methane, which is wasted, and leave much undigested. The rest, 
however, is broken up into small molecules which the animal can 
absorb. In man, cellulose is not digested, but it is useful m giving bulk 
to the faeces and preventing constipation, which easily occurs when 
the food leaves no mdigestible roidue 

The food is thus broken up mto easily soluble constituents, and is 
ready to be absorbed. This is done by the epithelium of the small 
mtestme The passage through is not a mere iteration. For example, 
the blood contains one part of sugar per thousand, and if sugar merely 
filtered across firom gut to blood, it could never quite disappear from 
the gut as It m fiict does. Actually, durmg the absorption of fiiod, the 
absorptive cells perform work, for which they need an extra supply 
of oxygen. 

The fats are, m part at least, put together agam from glycerine and 
soap, and passed as a fine milky emulsion mto the lacteals, as the 
lymphatics of the small gut are called. These jom together to form the 
thoraac duct (Fig 25), which runs up through the chest and empties 
mto the jugukr vem at the base of the nede The blood may be 
noticeably milky after a heavy meal of fiit The rest of the products of 
chges&on are passed mto the capiUanes, and dissolved m the blood. 

All the vems from the gut run to the hver (Rg 23), and here the 
food IS further dealt wih Thus sugar, if not needed immediately for 
oxidation, is, stored as a starchy body called glycogen, discovered by 
Claude Bernard, and gradually hberated as required later on [see 
ChapterEight) Someof the sugar-andmostof tliefet are stored else- 
where Part of the sugar is stored as glycogen m muscles, but much of 
It IS made into fat and stored under the skm and round some of the 
mtemal organs, along with fat fi:om the food. In the firog &.t is stored 
m special fat bodies The stored glycogen is later spht up mto glucose 
for use m the body by an enzyme, wbch continues to work after 
death, and the sugar thus hberated gives hver its well-known svfKt 
taste Absolutely firesh livkr is not sweet Agam, ammonia, which is 
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formed m die digestion of many proteins, is, in die liver, mosdy 
combmed 'with carbon dioxide to fprm urea (2NH3 -f~ CO2 = 
CONiHi -f- H2O) Urea is an innocuous body, but ammoma 
poisonous if it gets to die bram, so that if the blood &om the gut is 
short-circuited mto die vena ca'va instead of going mto the hver, a 
heavy meal ofmeat may cause convulsions. Thehveralso deals on the 
same sort of hnes with any ex(%ss of aimno-aads m the blood and 
with various poisons, its most important function is thus die regula- 
tion of the blood’s composition, and not the secretion of bile. Durmg 
starvation the body hves on its stores of fat, and the hver takes on the 
new duty of converting the stable &ts sudi as those of suet mto oils 
like that of linseed, wbdi are very easily oxidized 

IS acted on by bactena These are of htde or no 'value to man, though 
very valuable to some animals In man litde but ‘water is absorbed 
there By this removal of water the bulk of the waste food is reduced 
by about nine-tenths The large mtestine also excretes poorly soluble 
salts, such as calaum phosphate, from the blood These would dog up 
die urinary passages if they were excreted by the kidneys 
The active tissues take oxygen, sugar, fat and amino-aads from the 
blood, and use them for oxidation, growth, and repair. Into the blood 
they empty -waste products, of which the most important are water, 
carbon dioxide and urea, but other soluble -waste products of protem 
metabolism indude sulphunc and phosphonc aads, creatinine and 
unc aad The last two contam C, H, O and N. They are all 
by the kidney except the carbon dioxide and some of the water, which 
go out by the lungs, and, m the case of -water, the skm 
The kidneys consist of a mass of tubules ^ig 29) (about a twllmn 
on each side m man) each beginning in a capside containing a tuft of 
capillanes, and ending, after a-windmg course, mthe central cavity of 
thekidney The capilkry tuft seems to act as a filter, and the fluid that 
soaks through it is blood mmus corpusdes and minus a frw of the 
large molecules, such as the protdns concerned m rlntting Aw 
filtrate runs do-wn the tubules, the cefls hmng them reabsorb valuable 
constituents of the blood, such as sugar, and probably ? dd unwanted 
ones such as urea, ammonia, unc aad, cteatimne and sulphates. The 


The unabsorbed residue of the food fixim the small mtestine passes 
to the large intestine, where it remains m man for a day or so, and 
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Trane tnddes down the ureters mto the bladder, whence it is emptied 
from time to time. An adult man produces on an average about 1*5 
litres of urine per day, containing thirty grams of urea, fifteen of 
sodium chlonAi, and ten of other soluble waste products 
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Fig 29 Diagram ofa Malpighian coipusde in the human 
bdney. The end of the kidney tubule is thin-walled, and 
is dilated to form a capsule (Bowman's capsule) This is 
invagmated by the ingrowth of a small aitenole and 
venule, which break up within die inner wall of the 
invaginated capsule to form a netwodc of capillanes or 
glomerulus 

The blood is thus tbe medium of exchange between the di£hrent 
parts ofthebody Theheartkeepsitmovmg, thelungsandgutsupply 
it with fresh oxygen and foodstufe, other organs get nd of waste 
products, and all the tissues of the body take fixim it accordmg to their 
needs. The life of every part of the orgamsm therefore depends on an 
adequate supply of blood of proper composition 
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THE NERVOUS SYSTEM 


T he activities so far descnbed may almost all be found m 
machines, but a complicated machine needs human control if the 
parts are to workharmomously. The body to alarge extent runs itself. 
The diaphragm and heart contract with the appropnate force and 
rhythm, the pancreas begms to secrete as food reaches die duodenum, 
and so on But m many of our more complex activities, sudi as the 
movements of my hand as 1 write these words, consciousness plays a 
part The chief ^ency in co-ordmatmg our actions is the nervous 
system. Many of its activities are unconsaous: consaousness and will 
only play a part where our past expenence is likely to be of value in 
influencmg our behaviour. 

Ihe unconsaous responses of the nervous system are called reflex 
actions, or reflexes; though ofcourseitis also responsibleforvoluntary 
actions The nervous system controls striped musde, heart musde, 
smooth musde and glands, but with very few exceptions it is only the 
stnped musdes that the will can influence, and even the^ are often 
moved by reflexes, hi every reflex or voluntary action three organs 
are always concerned, first a receptor organ which is appropriately 
stimulated, then a longer or shorter path m the nervous system, and 
finally an eflector organ. The latter is always a musde orgjlandinman, 
though other animals have dectnc and luminous organs under ner- 
vous control In the case of voluntary action the dday m the central 
nervous system may be very lor^, but there is always some eirtemgl 
motive for a voluntary action. The nature of reflex and voluntary 
action will be made dearer by a &w g^mples, tabulated on ihe fol- 
lowmg page. 

It be seen that all but the last are reflexes The first three are 
ennrdy independent of will or consaousness They are performed by 
smooth musde. The fourth mvolves consciousness but not will It 
can, however, be influenced by voluntary attention. The next four 
are performed by stnped musde, and are partly under voluntary con- 
trol The last is a very simple voluntary action. Ihe hne between 
reflex and voluntary action is not sharp. Only an exp erie nced school- 
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Aetion 

Receptor 

Effector 

1 Speedmg up of the heart on 
increasing its supply of blood 
(Qiapter Seven) 

Nerve>eiuiingsin 
tight aunde 

Heart muscle 

2 Contraction of pupil in strong 
hght. 

Retina of eye 

Smooth musde of 
ms 

3 Reddening ofskin after a scratch 

Pam spots of don 

Smooth musde of 
small vessels 
which open 

4 Secretion of sahva on smeUing 
food 

Olfactory organ 
in nose 

Sahvary glands 

5 Kneejerk.* 

Nerve-endmgsin 

tendon 

Extensor musdes 
of thigh 

6 Blinking on eye bemg stnidc at 

Retina of eye 

Eydid musdes 

1 

7 Breathing 

I Respiratory cen- 
tres in brain 

Musdes of chest 
and diaphragm 

8 Sneezmg 

Nerve*endings m 
nose 

Musdes of chest 
and diaphragm 

9 Answeimg a bdl 

1 Organ of Corb 
in ear 

Leg musdes 


master can tell voluntary £n}m reflex couglung. It will be seen that 
the receptor organs are generally, but nqt always, sense organs, that 
IS to say, their stimulation produces consciousness as well as reflex 
action 

We can learn a great deal about the properties of nerve by talong a 
muscle with its motor nerve out of a recendy killed animal If we 
stimulate the nerve by dectncal or chemical means, or methamcally 
(e g. by pinchmg), themusde will contract Thisiratabihty continues 
for many hours, foough the musdc is very easily fotigued unless it has 
a proper oxygen supply The musde may be made to work a lever 
which writes on a movmg sheet of paper, and the effects of different 

* Sit dmni, cross the legs, and hit tbe tendon bdov the kneetap The extensor onafcles of the 
thigh contract, and the foot flies tip 
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Stimuli can thus be compared We can also measure the heat or elec- 
tncal changes produced By such means we learn the following &cts 
about nervous conduction. 

Each fibre conducts mdependendy of the others. It conducts not a 
steady stream, but a senes of nervous impulses An impulse is not an 
dectnc current, but an activity of the nerve fibre producing an elec- 
trical efiect and a htde heat as it goes along It travels at about 30 
metres per second or 70 miles per hour in man Thus a man, hit by a 
car gomg at 80 miles per hour, will probably feel nothmg because his 
bram is destroyed before any nervous unpuhes firom his skm reach it 
After the passage of an impulse thefibreneedsarest of one-thousandth 
of a second or more before it can transmit another. All impulses m the 
same fibre are normally of the same mtensity. Thus, from dus pomt of 
view, we may compare a nerve to a bundle of telegraph wires, down 
which electncal waves of the same mtensity pass at varymg mtervals, 
but not to a bundle of telephone wires, m whidb die mtensity of die 
waves IS variable. Finally, the ener^ of a nervous impulse is so small 
that about four milhon impulses (which would take several houn to 
pass) would be needed to heat a nerve 1® centigrade. 

A voluntary musde responds to one nervous impulse by a twitch, 
to a rapid senes by a steady contraction A contractmg human muscle 
IS gettmg about forty-five impulses per second The energy hberated 
iR a gram of contracting musde is several hundred diousand tunes 
greater than that m a gram of the nerve which supphes it This ratio is 
about the same as that of the energy developed by a 30-hp. motor 
car running for twdve hours, to that used by the man who turns the 
startmg handle for a mmute. Musdes can be made to contract by 
weak ardfiaal dectnc currents as easily as by those produced by the 
nerve. 

We are not yet sure of the details ofhow a musde contracts, though 
It seems that the lactic aad formed causes microscopic fibrils to con- 
tract, as many proteins do when placed m weak add A musde is not 
aheat engine, for it has a very high efficiency such as is only found m 
l^t engines one part of whi^ is very much hotter than the other. Its 
chemical energy is converted direcdy mto work without first passing 
wto heat The actual process of contraction may have an effiaency of 

0 to 100 per cent, but an amount of energy greater than the work 
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done in contraction is \WBted as heat during the rensynthcsis of the 
lactic and phosphoric aads, so that the whole process has an efficiency 
of only about 40 per cent Moreover, a good deal of energy is needed 
for the eictra breathing and heart action during eirercise, besides the 
basal metabolism which goes on all the time. So, considered as a 
machme, a man never has an efficiency of more than 25 per cent. At 
best, he turns three times as much energy mto heat as into work. 
Moreover, a muscle heats up while keeping up a steady contraction, 
as m standmg, supporting a weight, or pushing at a closed door. 

Striped musdes become quite flabby when thnr nerves are cut; but 
heart musde and smooth musde remam active. Striped musdes have 
probably only one set of motor-nerves which makfi them contract 
Involuntary musdes have two sets: stimulation of one set causes 
increased activity, of the other set rest or lessened activity 

The effects of stimulating a nerve-flbre depend mamly on its coDr 
nexions in the body, to some cxtexLt on the quantity and rhythm of the 
stimulus, but not at all on where m its course it is stimukted These 


&cts were flrst discovered by Muller m 1826. Thus a blow on the 
“funny-bone” or just above it is felt m the ring and htde fingers 
because the nerve feom them runs near the suzfece at this point, and 
imtation of the nerves in the stump of an amputated leg will give a 
man pain wbuh he feds m toes that he may have lost forty years ago. 
Agam, when the nerve to the fece musdes has been destroyed, the 
power to move them may sometimes be r^jamed by grafting the 
nerve supplying certain neck and shoulder musdes mto the old track 

ofthefe^ Butwhencoime3aonhasbeenmade,thepatieut,morder 

to move the fece, must will to move die shoulder. 


The most accessible receptor organs are those of the skm Theycan 
easily be studied m an area where they are scattered, as on the side of 
the knee. If the skm is shaved we fincl that only parts round the hair 
roots are sensitive to gendc touch with a bn^e Each root is sur- 
rounded by a network of nerve-fibres which are easily stimulated. 
The small hairs act as levers, and render the “touch spots” more sensi- 
tive In hairless parts, such as the palm, sole, and hps, there are special 
receptors for touch (fig. 35) Similarly if we go over the skm with a 
warm blunt metal pomt, we find that warmth is only fdt at a second 
set of pomts (not those sensitive to touch), cold at another set, and 
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painatafourch Many areas on the thigh are quite insensitive to pain, 
as they have no pain spots. It is charactenstic of receptor organs to be 
speaaily sensitive to one kind of stimiilus, which may be physical, as 
with the skin organs, orchemicalaswiththoseoftasteandsmdl They 
will, however, generally respond to inappropnate stimuh, if these are 
strong enough. Thus mustard wdl stimulate 6rst the heat and then the 
pain spots. A blow on the eye will make one see stars, and so on 

On the other hand each receptor organ, with the paths leading from 
It to the bram, can generally only give nse to one kmd of sensation. 
This, however, depends on the part of the bram to which it leads, not 
on the organ which is stimulated. There is no fundamental difference 
in the nature of the impulses m dif^ent nerves, as there is in thdr 
effects If we stimulate the opnc nerve, even after the loss of the eye, 
we get visual sensations, and so on. 

If we put the right hand mto hot water, and the left mto cold hir a 
nunute, and then both mto lukewarm water, this feels cold to the 
right hand and hot to the left. This is characteristic of the senses They 
tell us more about differences of mtraisity m their stimuli than about' 
their absolute mtensity When we look at a candle m sunhght we find 
it hard to bdieve that we can see by it, or even be dazzled by it, at 
n^ht Wegomtoadarkroom, andsee nothing atfir5t,butsoon adapt 
ourselves, and see the thmgs m it instead of bLachness. After h^ 
an hour m a sound-proof room one finds the noise of one’s own heart 
and breathing unpleasantly loud: normally one cannot hear them. 

The fineness of discmnination for touch depends mainly on the 
closeness of touch spots Thus, on the palm, where they are very 
numerous, we can distmguish two pomts firom one if they are 1 centi- 
metre apart On the back, where there are few touch spots, this 
distance must be mcreased seven times or more. 

Under the skm are receptors of many kmds Some respond to deep 
pressure, and others to pain, but when once the skm is cnit through, 
most healthy tissues are almost insoisitive to pain. They becxime 
tender, however, when mfiamed The gut and other hollow organs 
ate insensitive to cnittmg or burning (stimuh to which they are not 
normally exposed), but very painful when stretched either by im- 
usually bulky contents or unusually strong cxintractions of tkeir 
muscles 
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Thfire aie also receptors in muscles, tendons and joints. Tliese send 
impulses to die central nervous system, which inform it of the relative 
positions and movements of di&rent parts of our body. Receptors 
and nerves with this function are called proprioceptive, whilst those 
whose stimuh come h:om outside are called exteroceptive. Fropno- 
ceptive orgins may a£ect the consaousness Thus we can tell how 



Be 30 Diagram to illustrate the course of nerve impulses concerned m a 
spinal reflex *rhe nerve-cdl bodies am indicated as black dots, their fibres as 
lines The grey matter ofthe cord IS dotted 


much our knee is bent even with our eyes shut, owing to thejomt 
organs, or how great a weight we are holdmg, owing to the muscle 
organs But fer more important is die aid they give us without our 
knowing it, m the co-or<hnation of muscular movement If propno- 
ceptive impulses cannot reach the brain from the legs, as happens m a 
disease of the spmal cord called locomotor ataxy, m which sensation 
IS not lost, the patient cannot co-ordinate the movements or postures 
of his leg muscles lii walkmg he raises his foot too high and brings it 
down too hard He cannot stand with his eyes shut There is no weak- 
ness of the muscles, but they cannot be used properly, as the bram gets 
no information as to what they arc doing except through the ey» 
The spmal cord consists of a central core of nerve-cells, called the 
grey matter, surrounded by millions of fibres mosdy running length- 
ways, an d called the white matter (Bg. 30). Bodi indude a scafiblding 
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of supporting cells. Between each pair of vertebras a nerve leaves the 
spinal canal on each ade. It enters die spmal cord by a dorsal and a 
ventral root The ventral root fibr^ go to musdes and glands, and are 
only traversed by impulses gomg outwards The dorsal root consists 
of fibres catrymg impulses from receptor organs to die cord. So if a 
dorsal root is cut we lose the capaaty for feelmg with a certam area of 
the skm, while mjury to vent^ roots leads to paralysis of musdes 
But most nerves contam both sensory and motor fibres, so when a 
nerve is cut both movement and sensation are lost m the area which it 
supphes The separation of the roots serves to brmg all the sensory 
fibres to one cell area widun the cord, all the motor fibres to another. 


A nerve’s only fimction is to conduct, but the spmal cord not only 
conducts impulses to and firom the bram with its fibres, but gives use 
to reflexes by means of its nerve-cdh This is shown by what happens 
when it IS divided If a man breaks his spinal cord m the neck, he dies 
because bis breathmg musdes are cut off firom the brain, and get no 
nervous impulses to make them work If it is broken lower down he 


may hve for some time He has absolutdy no feelmg m the parts of 
his body and no voluntary control over the musdes whosenerve sup- 
ply comes fiom the part of the oird bdow the break But i£ we 


oanune him six months afier the acadent we find reflexes occurring 


in the lower part of his body If, for instance, we pmdi his foot it is 
drawn upwards without his knowledge or wiU If the lower part of 
the cord is destroyed or the nerves to it cut, all reflexes cease A great 
deal has been learnt about nervous activity firom the study of spmal 
reflexes They are easily studied on the carcass of a frog whose bram 
has been destroyed by poking a blunt wire mto it firom behind If we 


imtate its skm its hmd leg scratches near the place imtated, but its 


responses are dumsy, and it does nothing without some fiurly violent 
stimulus 


Provided they are m nervous connexion with the bram or spmal 
cord, the musdes of a hmb are nevor qmte flabby They are mosdy in 
a state of gentle but steady contraction or “tone,” so as to keep the 
mnb m a defimte posture If then the knee is to be bent, as the flexor 
(bendmg) musdes of the thigh contract, its extensor musdes must 
rdax. If they relaited too htde or too slowly there would be a stram 
and a waste of eneigy If diey relaxed too quickly or completely the 
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have also been apphed to the study of ihe brain itself Firsts symptoms 
are observed m patients, and after thar death local injunes of the 
s pinal cord due to splinters of metal or bone, burst blood-vessels, or 
tumours, are found When the same symptoms are observed in 
another patient they can often be reheved by the surgeon owmg to 
the knowledge so gained To refuse leave to examme the body m 
such a rasft IS to condemn someone else to die widi those symptoms. 
Agatn^ after destruction or division of some parts of the nervous 
system one can observe vnth the microscope the death and degenera- 
tion of groups of nerve fibres. Now we know that when a £bre is 
divided, only that part dies which is separated from the cell body and 
nucleus of the neuron to which it bdongs So we can discover m 
which the cell bodies of any bundle of fibres he. But m the 

central nervous system the long fibres always conduct nervous 
impulses away from the nucleus, so we discover the direction m 
whuh nervous impulses run m the fibres we have cut Finally, weean 
try the efiect on an amtnal of cutting or stimulating some part of its 
nervous system (The lower parts of the system wdl still work after 
the fluimal has been made unconsaous by an anaesthetic or by remov- 
ing its cerebrum.) By such methods we can distinguish five mam 
pairs of ascendmg fibre tracts m the human spinal cord, besides numer- 
ous smaller groups Two of these go to the cerebdlum, and their 
injury does not afiect consaousness, but causes unsatisfrctory move- 
ments and postures, the bram bemg without information as to what 
the musdes are domg Two of them send impulses only to parts of 
the bram concerned m consaousness One serves both purposes. 

Before we study the functions of the bram it will be convement to 
deal vath the spedal sense organs m the head which communicate 
with it dureedy and not through the cord The organs ofthechemical 
senses, taste and smell, are found m the mouth and nose. They work 
together, and mudh of the sensation we commonly regard as taste 
mdudes an dement of smdl With the eyes and nose ti^dy shut, 
taste will not distinguish an onion from an apple The taste organs 
mosdy he m the papilla? which roughen the upper surfree of the 
tongue. There are four dementary kmds of taste, namdy * salt, sweet, 
sour and bitter. Other tastes are combinations of these. Each de- 
mentary taste has di£&rent end organs Thus, we taste sweet things 
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best with die tip of the tongue, bitter with die back 
The end oi^ians of smell are ahttle patdi of about one quarter ofa 
square indh of yellow epithehum at tbe top of the mtemai cavity of 
dienose. Thecoirespondingareamadogis tenormoresquaremches, 
iiialargeshark24squarefeet Inman, smellis an unimportant, almost 
vestigial sense, but m the dog and many other animals it is the most 
important of all So the dog*s world is mainly a world of smells. But 
even m man it is the most dehcate of the senses. We can smell mercap- 
tan* at a dilution of 1 milli gram m 20,000,000 htres of air. As about 
1 cubic centimetre at a time is m the ol&ctory part of the nose, this 
means that we are affected by one twenty-thousand-milhonth of a 
milhgram, whereas the smallest object we can see with the naked eye 
is about a miUion times as large. In ordinary breathmg most of the air 


goes past the ol&ctory cavity, bi sniffing, some is socked mto it No 


* A praduet d decayiog flesh 
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THE NERVOUS SYSTEM (contd) 

T he external ear, whichis only found in mammals, is oflitde 
use to man, diough some beasts can turn it so as to collect sound. 
In the mtemal ear, which lies m the thidcness of the skull wall, are the 
oigans ofhearmg and balancmg. The ear-drum (Pig. 31) lies across a 
passage leading Eom the outside to the throat, and corresponding to 
the fintgiU-shtofa fish The inner two-thirds ofthis passage are called 
the Eustachian tube, and serve to equalize the pressure on the two sides 
of the drum If it is blocked by a cold the pressure becomes unequal, 
the drum is too much stretched to vibrate properly, and deafiiess 
results The mtemal ear hes in a long **labyiin^.** The organ ofhear- 
mg consists of a tube called the cochlea, coiled like a snail's shell, that 
of balance consists of three “semicircular canals" and two smaller 
cavities, allcommumcatui^andfilledwidifimd They are surrounded 
by fiirther flmd which separates them fi'om the skull (Fig 6} 

The drum is set m motion, hke die diaphragm of a tdephone 
recaver, by sound waves m the air. It transmits this motion through a 
cham of three small bones to a membrane co vermg a tiny oval wmdo w 
m the bony labyrmth The bones serve to cohcentrate the energy firom 
the drum on to the window, whuh is one-thirtieth of its area This is 
necessary if air movements are to be transmitted to a watery flmd, 
which, bemg denser, is harder to move When the oval wmdow is 
pushed m another membranous wmdow (Fig 31) bulges out, and it 
IS dear that the sound waves m the flmd must travel between them. 
The only path hes through the hearing organ m die cochlea This 
mdudesasenes of about 10,000 fibres (not nervous) of varying length 
and probably of varymg tonsion, stretdied across the tube of the 
cochlea, andjomed by a fine membrane Several fibres from the audi- 
tory nerve end m receptor oigans on each of them. It seems that each 
will vibrate to one note only, hke a wire m a piano. If we play a chord 
loudly near a piano, the wires correspondmg to the notes start vibrat- 
ing. Similarly m the cochlea each fibre responds to one note and 
exates the conespondmg fibres in the nerve. Very pure musical notes 
only excite &w fibres, but generally they are accompanied by over- 
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tones whidi give them their timbre, and ecate the cochlea m several 
places In ordmlary noises and the vowds of speech the mucture of 
tones is stiU more complicated. Thus every sound is translated mto a 
senes of impulses travelling to the brain along a certain number of 



Fig 31. Diagram pf die human eat a, outer ear, b, middle ear; c, inner 
eat 1, the ear trumpet (puma) 2, mctanal ear passage (meatus) running 
to 3, the ear-drum (tympanum) On the inner side of tbis is t^ imddle 
ear, containing an, arid (^mmumcatmg with the cavity of die mouth by 
the Eustachian tube, 7 lit contains tihe three auditory ossides, 4, 5 and 6, 
which transmit the vibratioos of the drum to the membranous window, 
to the right of 6, in the wall of the inner ear. The inner ear is entuely 
emhedd^ m bone It contains a flmd, die penlymph, this surrounds die 
“membranous labyrmth," 8, 9, 10, a senes of me^ranous organs con- 
taining another fluid, the endolymph 8, the utode with the three 
semiorculai canals arising Smm it, the o^an of balance 9, the sacculus, 
leading to 10, the spiral cochlea, the organ of heanng. Above 11 is a 
second membranous wmdow which is pushed outwards when die first 
wmdow IS pushed inwards, and vice versa 


fibres ofthe auditory nerve, and vrejudgcofthe quality and intensity 

ofthesomidaccordingtowhichfibrcsateemted,andhowfrequeatly. 

Its direction is judged mainly by tie diferent intensities with which 
tie two ears are exated. 
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The halanring organ consists of two parts Two of its cavities con- ' 
tain tiny lumps of ral mim carbonate called otoliths,* which are sup- 
ported by “1^-cells*’ m which nerve £bies end According to the 
fibres exdted at any moment by the otohth pressing on the corres- 
pondu^ hair-cells wejudge what objects are vertical, though here we 
are helped by our other senses If we lean our head the otohths roll on 
to anew set of hair-cells, a new group offibres is exated, and we alter 
ouropmionas to whathnemourheadis vertical The reflexes excited 
by diKe organs are more important than the sensations. If an accelera- 
tion of our body, as ona swmg ormerry-go-round, moves the otohths 
fiom the bottom of theircavities, we get a filse idea of what is vertical, 
but we perform the nght reflexes, and lean so as not to fill The 
otohths m fict behave like plumb hues m our heads JEven such simple 
animals as jelly-fish have otohth organs to enable them to swim die 
nght way up, and they are generally fiiund m animals which have to 
balance. Some shnmps put particles of sand mto diese organs widi 
their daws when they moult If given iron filings they put diese m 
instead 'When a magnet is now held over them, the filings press 
upwards, not downwards, and the shnmps swim upside down! 

Oneachsideone semicircular canalis horizontal, and die other two 
are m vertical planes at right angles If vre spm round, the fluid m one 
or more of them is lefibehmd (hke the water m a glass which we spm 
suddenly) and therefore moves rdativdy to the head hi domg so it 
presses onmicroscopic “haus” projecting fiom cells, and exates nerve 
fibres running to the bram Afier we have spun for some time the 
flmd moves 'with die head (as does the water m die glass), and goes on 
movmg afier the head has ceased to spin, giving the illusion that 
are spinning the other -way. In ordinary giddmess m a hony-ontgl plane 
there are rapid reflex movements of the eyes which can easily be seen 
m others, and make thmgs appear to spm round us. These reflexes are 
of great value m ordinary life as they keep the direction of our ga»«» 
fiiKd when we turn our heads quickly. We can become giddy in a 
vertical plane by turning round 'with the fiirdiead or ear resting on a 
stick, and then raismg the head The -violent reflexes of the limK and 
trunk muscles, which normally keep us fiom fitlhng, now us 


*StatdItlis, or concretaons conoenied with balance^ «oii]d be moR cenrect, but the 
otohths )s stiQ generally used m human physiolog} 
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fyi. In fish the hearing and balancing organs are a specialized part of 
a system of ca n a ls under the skin and opening by occasional po res , 
which enable the fish to apprec^te movements of the water round it, 
and its own movements r^tive to the water. 





Fig. 32 Diagtam of a horizontal section through the nght eye of a man 
The lens and ms separate the antcnor chamber (filled ividi aqueous 
humour) from the postenor chamber (filled with the jelly^hkc vitreous 

humour) TheshapeofdielenscanbealteredbytheaharymusclcpuILng 

on the suspensory hgament 


The eye is enclosed m a tough capsule, transparent in fi:ont only, 
and pierced bdund by openings fiir nerves and blood-vessels It can 
be turned by six muscles which run between its capsule and the skull 
A section firom firont to back (Bg. 32) passes through die following 
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structures: (1) die wmdow or cornea; (2) a chamber contaimng a 
watery fluid; (3) the ms, aring of mnsde, widi pigment to keep out 
light, which regulates the amount of hght reacLng the back of the 
eye; (4) the lens, a homy body whose ^ape can be shghdy altered; 
(5) a chamber filling most of the eye and contammg a transparent 
jdiiy; (6) a fini* membrane, the retma, which consists of several layers 
of nerve mils, and is sensitive to hght, (7) a layer of cells contaimng 
dark pigment, which acts like the black lining of a camera, and pre- 
vents li ght which has once entered the retina &om being reflected; 
(8) the tough white coat which envelops most of the eye, and helps, 
with the aid of the in ternal fluid piessure, to keep it to a definite shape. 

The general stmcture is like diat of a camera with its lens, dia- 
pliragm,andsensitivefilm,and the cornea andlenshave such refiactive 
mdexes and curvatures that the images of external objects can be 
accurately focused on the retma The image is upside down and nght 
sidelefi; Ifwe shut the nght eye, and press the outside of the left eye^ 
ball through the eyehd, we see a dark spot with a bn^t border well 
out to the nght or against the nose, which appears to move up as we 
move die pressing pomt downwards. We are stimulatmg the part of 
the retma used for lookup out to the nght. 

The focus of the eye is altered m buds and cold-blooded vertebrates 
by moving the lens bodily badcwards and fiirwards as m a camera In 
man and other mammals, however, the lens is fixed, but its shape can 
be altered. When we wish to look at an object near to us a circular 
muscle round the lens contracts, audit becomes more nearly sphericaL 
The rays of hght are therefore more bent m passmg through it, and 
brought to a fiicus on the retina If this muscle is not contracted they 
come to a focus behind the retma, and we see indistmcdy. W hen we 
lookat distant objects the directions of gaze of die two eyes are paialld, 
but when we look at a near one they have to be converged by the 
muscles which move the eyeball fixim outside, or we see double The 
impulses coming to the bram fi:om the eye musdes hdp us to judge 
distance accurately This is why it is very hard to hit a near object 
accurately &om the side with one eye shut, as any one can easily prove 
forhims^. 

If the focusmg of the eye goes wrong it can often be corrected by 
spectades When the eye is too long the rays firom distant objects con- 
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verge in £:ont of the zetma, and we are near-sighted. This is corrected 
by using concave lenses. the eye is too short the rays from neat 
objects converge behind the retina, andlongsightresults, necessitating 
the use of convex lenses for reading and £ne work. If the cornea is 
more curved m one direction than another, like the bowl of a spoon, 
we cannot focus two perpendicular mtersectmg lines at the same time 
This condition, which is called astigmatism, can be remedied by usmg 
lenses one side of which is a segmoit of a cylmder 
The ins contracts if strong hght is flashed on to the eye, and expands 
m the dark, thus shiddmg the retina from too sudden changes The 
microscopic receptor organs m the retma are called the rods and cones, 
from their shape. The rods are used for seemg m the dark, and do not 
distmguish between colours; the cones for vision in daylight The 
diameter ofa cone is about 2 5 fi, or 1^400 ofamilhmetre, so that there 
are over fifty milhonineachretma We cannot distmguish, two objects 
if their images M on the same cone, as happens if the ang^e subtended 
by them at the eye is much less than a nunute (the angle subtended by 
a halj^enny at 100 yards), however good our focusmg may be There 
is one spot on each retina, called the yellow spot, on whuh we focus 
the object at which we are looking Vision is most accurate here in 
light ^ut not in darkness), and beoimcs dimmer as we pass away 
from It, until with the edge of our retina we cannot tell the form or 
colour of thmgs, though we can see if they arc movmg On one side 
of the yellow spot the nerves and die blood-vessels enter the eyeball 
and there are no rods or cones, so vision is absent here, since the optic 
nerve is no more sensitive to hght than any other nerve. The existence 
of this bhnd spot can be demonstrated by putting two small objecte 
such as hali^ce on the table at a distance of about six mches^d 
equidistant from the body On shutting the left eye and looking 
fixedly at the left-hand object, meanwhile gradually approaching the 
head from a distance ofa yard or so, the nght-hand one will disappe^ 
when about two feet away This foct mterested Charles the » 
who used to amuse hims^ with it until he grew so expert that e 

could “take off” the heads of his courtiers. i j J 

The retina contains two layers ofnervtHxOs besides the rods and 

cones, and many fibres, the last relay of which runs mto ^ “ 

the optic nerve Compared widi the ear, the eye is m 
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ju(^mg die duecboa of the waves which stunulate it, but is sensitive 
to a much smaller rai^ of wave-lengths The longest wave-length 
that we can see in the red is about 0*0008 millimetres (0*8 /i), the 
shortest in the violet about 0*0004, so we can only perceive a smgle 
octave of the possible vibrations, the shorter mvisible ones bemg ultra- 
violet and X-rays, the longer heat and “wireless ” On the other hand 
we can perceive sound waves from 20 metres down to about a centi- 
metre in length, a range of eleven octaves, seven of which are used m 
music. Moreover, the ear is better than the eye at analysmg mixed 
vibrations It is easy to analyse a chord mto two or three notes, but we 
cannot tell without a spectroscope whether a given yellow is pure or 
due to a mixture of red and green hght 

Many animals have eyes working on quite a diifferent pnnnplp 
hrom ours, namely, built of htde umts each looking out m one direc- 
oon (Plate 20 (n) ), just as each of our “cones” receives hght from one 
direction only Hearmg organs are found m a few insects, ofren in 
then legs or belhes, and are provided with drumsandhatr-c^ similar 
to our own. 

We must now consider the bram (Fig 33). The human brain is 
built on the same plan as the frogs (Rg 7), but one part of it (the 
cerebrum) has grown in man and related animals to be much larger 
dian the rest It is on this part that the mam differences between the 
behaviour of a man and a frog depend We shall first consider the 
lower parts of the bram, whi<h are not so very different m the two 
spcaes As the spinal cord enters the head it expands mto the mfriiillo 
oblongata, m which there are nerve-centres governing themvoluntary 
activities of the body. For example, if an animal's head is cut off and 
the blood-vessels of the neck tied to prevent the loss of blood, it will 
not breathe, nor if we obstruct its aorta will the heart slow down 
But if only that part of the bram above the medulla oblongata is 
destroyed, both diese processes continue, though the breathmg is 
dumsy The medulla also regulates such fimcbons as digestive secre- 
tion, indudmg sahvation, movements of die digestive organs, such 
as peristalsis and vomiting, and a number of reflexes m the circulatory 
system to be descnbed later 

The mvoluntary muscles and glands concerned are controlled 
through the autonomic or mvoluntary nervous system This consists 



216 



the fissuies as black lines Behind and below it (coaxsely shaded) is the ceie- 
bdlum, in £cont of (his is part of the medulla oblongata Ihe ccKbium 
conceals all the other parts of the biam Tlu medulla is continued downward 
as the spinal cord. Motor areas. 1, toes, 2, foot, 3, calf, 4, thigh; 5, bdly, 
6, chest, 7, back; 8, shoulder, 9, upper arm, io,foie-axm, ll,wiist, 12«fiageiSi 
13, neck, 14, eyehds, 15, cheeks, 16, jaws, 17, bps, 19, eyes, 20, tongue 
Sensory areas On and m front of the above motor areas, also 21, hearing, 

24, vision, 18, areas concemedmco-ordmationofspeechniHSclesmleft-haiided 

person; 2^ 23, areas concerned m speedi and diought, particularly m left- 
handed person (see p 221) (After Hindey and Hetnck) 
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of two parts: sympathetic (Chapter One) and parasympathetic. 
The latter system is composed of die vagus nerve which runs down 
the neck fix>m the medulla, and supplies the chief mvoluntary organs 
&om the thyroid gland down to the beginning of the large intestine; 
a few small nerves to glands and mvoluntary muscles m the head; and 
some nerves leaving the lower end of the spinal cord for sudi organs 
as the large mtestine and urinary bladder. 

There are two fundamental differmces between involuntary and 
voluntary motor-nerves The latter run strai^t to their destmation, 
the former end in a ganghon where each exates one or more nerve- 
cdls from which fibres run on to the musde or'g^and. Also a single 
nervousimpulsedownaninvoluntarynervehasnoe&ct Severalare 
needed to exate the rather sluggish organs whidi they supply. Most 
viscera get fibres both finm the sympathetic rhain and the parasym- 
pathetic system, and the two systems are generally antagonistic. Thus 
stunulatiQiL of the vagus slows down the heart, while the sympathetic 
speeds it up. The vagus makes the stomach and gut move and secrete 
their jmces, while their sphmcters sudi as die pylorus ralar; the sym- 
pathetic diminishes their movement, secretion and blood supply, and 
tightens their sphincters In other words the one promotes, the other 
binders digestive activities. Duimg violent eirerrisc im puls e s pass 
down from the brain to the heart and gut; diese set the beating 

fa ste r and stronger, drive blood out of the vessds of the gut, and slow 
down the gat’ s movements The autonomic nerve trunks also contain 
afferent fibres, but not very many, as the brain does not ii**ed very 
detailed information about events m the viscera. 

Most of the nerve-fibre groupsmthe cord pass dirnn gb di<»mpdnlla, 
thou^ some of the ascending ones end round neurones t here whose 
axons pass on to higher parts of the bram, so that the Tnednlla as a 

relaying station for the impulses whidi they carry. In the m<»dn1Iaj 
too, most of the fibre tracts to and fiom the bigliCT part of the brain 
cross to the opposite side of the body. Hence the left side of the brain , 
IS concerned with nervous impulses to and fiom the right side of the 
body. Ihe paths to and fiom the cerebellum, however, are mainly 
imaossed. 

Above the medulla lies (he nud-bram. This contains the nervo-cehs 
whose axons form the motor-nerves to the eye muscles, but its most 
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important functions seem to be m connesaon witii posture If m an 
' animal all the biam above the mid-bram is destroy^, it goes mto a 
ngid state with the legs thrust out and the trunk stiH* as m standmg 
Just as the spinal cord alone or along with the medulla will organize 
reflex muscular movements, so with the mid-bram m addition reflex 
posture IS possible Thus a “decerebrate*’ animal, i.e., one m which the 
cerebral hemispheres have been removed, though unconsaous, can to 
some extent adjust its standing posture If its head is bent down, it 
bends its forelegs, and so on Similarly, if in a man the nervous path- 
ways from the cerebrum are destroyed, cettam groups of muscles can- 
not be moved voluntarily, but remam contracted m a state called 
spastic paralysis so long as the bram-stem is acting on them, whereas, if 
the mjury to the nerve paths is lower down, the same musdcs are 
equally paralysed, but flabby 

Behind this part of the bram is the cerebellum, an organ with several 
layers of nerve-cells on its outside, and a few large groups of cells 
inside, all connected up by numerous nerve-fibres whidirunbctween 
them and to other parts of the bram. When it is damaged there is no 
loss of sensation or power of thihkmg, but there is a loss of muscular 
tone, and a great dealofjerkiness and mco-ordination of movement 


to the exteroceptive AU the impulses irom musacs, icuuuija, jwu*- 
and labyrmth are co-ordinated there so that m a movement or posture 
die ^i£^h^ musdes may be contracted to the right extent at the right 
mATtienf The rest of die bram without it is lie a general who gee 
inadequate reports of the movements ofhis own troops If a man with 
cerebellar disease toes to grasp an object, he moves his handmascncs 


of jerks and grasps m the wrong place. \ 

Above the^ organs is the cerebrum, which, m man, butnotm other 
animalsj is many tunes larger than die rest of the bram. The human 

cerebrumcontamsmore than athousand milhonncrve-cdls each con- 
nected by fibres with scores or hundreds of others (Fig 34), so we can 
get some idea of its complexity by imagmmg a telephi^exchange m 

which diewholchumanracewereactingasopcrators Themiffi^ 

of nervo<elIs hes on the outside, and tbs “grey matter is fo 

incrcM its area. In the imadle. at die top of lie 

masses ofnerve-cells called the optic thahmi, mto wb run p 
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Re 34. Microscopical secQon of part of the human cerebral cortex (from an 
infant), to show the necve<ells and their mterconnecting processes (m blade). 
J-7, cell lajrers with different diaxacters. 
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and also fibres &om below wbicb carry up impulses from all 

theothersenwrynervesontheoppsitesideofthebody Achildbom 

without cerebral cortex but widi thalamus lived for three years widi- 
out showmg as much signs of consaousness as a normal baby a few 
^ys old On the other hand a dog without cerebral cortex can walk 
about, thoughitrunsinto obstacles; but it shows no signs ofrecogmz- 
mg anytbmg, andfoodhas to beplacedmits mouthbeforeit will eat 
Judgmg from cases of disease m man, a dim kind of consciousness 
seems to be associated with the thalamus. When all die paths 
upward from it on one side are destroyed, die sensations on the 
opposite side of the body are abnormal. Light touch is not felt, but a 
shght scratch is felt as a homble pam whiih cannot be localnod, and 
the touch of a warm botde as a huge pleasure. The more mnipliratipd 
senses, such as vision, are not represented m the thfllamnf^ fhnng k it 
acts as a relay {ot visual impulses 
Different parts of the cerebral cortex have very different fiwrfinnsj 
and about half of it has been properly mapped out as regards its fiino* 
non (Rg 33). Gende stimulation of certam areas gives rise to move- 
ment, generally of muscles on the opposite side. Tlus is always feirly 
well co-ordmated, i.e , a number of muscles work together, as is the 
case in voluntary action The size of the area devoted to a group of 
musdes depends on the complexity and dehcacy of the movements 
required of diem. Thus the tongue has a cerebrd area as large as the 
whole trunk, and the eye muscles an area about a third as large as all 
the other muscles put together. When a motor area is imtated, as by 
a sphnter of bone or a small tumour, a speaal type of ^il^tic fit 
results, in which the mvoluntary muscular movements begm m the 
musdes governed by the imtated area. A knowledge of cerebral 
localization renders a surgical cure of fits of this kmd possible. When 


part of the motor area is destroyed the corresponding muscles are 
paralysed, ihoughlater on other areas may parti^y take its place, and 
some voluntary control return hi front of some parts of the mam 
motor area, e^ecially on the left side, is a r^on whose injury m man 
causes, not paralysis, but a feduze of the more complex movements, 
such as those mvolved m speakmg and dolled manual operations. 
Rnally, we must remember that when we ate “domg nodung” the 
cortex is all the tune inhibiting thepostural centres m the bram-stem 
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from piodudiig rigidity, so that a voluntary movement may some- 
times merdy be a stopping of this inhibition. 

The mam motor area and the region just behind it constitute the 
sensory area f:>r all the senses except the special senses of sight, h e a rin g, 
taste and smeL It is gradually being mapped out^ and war injunes 
gave us a great deal of information. The sensory area for each part of 
the body in c lu de s the corresponding motor area and an area behind 
it The hands have a very large proportion of the whole. 

If the brain IS uyured a htde behmd the sensory area, the sensations 
are suU felt but cannot be put togedher. For example, a man can state 
just what part of his hand is bemg touched, and whether any finger 
IS bent or not, but he cannot say what sort of object he is holding m 
his hand This part of the bram is therefore concerned m putting 
sensations together and mterpretmg them. 

The optic nerves join before reaching the brain, and half of each 
crosses over, so the left side of the bram gets fibres firom the left side 
of each retma, both of which look out on the nght So if the left visual 
area is destroyed a man can see nothing to his right with either eye. 
Sinulady the difterent parts of the field of vision are represented on 
the visual area If die visual areas of the brain are destroyed a man is 
quite bhnd, but may retam a good deal of visual memory, but if the 
neighbounng areas are destroyed, this too is lost 

In thought and speech a great many parts of the brain are employed 
at once. Thus to understand fidly the meanmg of the word apple we 
require memories of sight, hearing, smell, taste and touch, and the 
power of co-ordmatmg them Some parts of the cortex are supphed 
entirely with fibres ftom other parts and dearly serve as centres for 
association and co-ordination We are gradually findn^ out the fime- 
dons of diese parts by studying the efhets of wounds and the degenera- 
tive changes found m the brains of the insane hi ng^t-handed people 
theleft cerebral bemispbere generally contains the mam speech centres 
(and vice versa); uyury of a large area of this will cause fiulures m 
speedb, and m die thought behmd it Aexordiug to the part uqured 
there may be a mere slurring of words with apparendy ftuly de a r 
thought, aninabihty to remember the names of dungs, or a fiulure to 
construct sentences and to dunk out problems But the co-ordination 
of the bram cells is less understood diat of other organs, to which 
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question we shaH turn in the next chapter We can only emphasize the 
very important part played by inhibitton, that is to say, the dieddng 
by one part of the btam of the activities of anotherpart In the spinal 
cord one refl« can inhibit another. For example, m a decapitated 
animal a Stimulus, which would be painful to an animal with a head, 
at once inhibits reflex scratching movements. Voluntary attention 
means an mhibition of all our mental activities but one, and resistance 
to temptation is an inhibition of our more primitive acnvities, such 
as eatmg or losing our temper 

Many pathways are known for nervous impulses from the brain 
down die cord to the motor-cells m its grey matter whose axons form 
motor-nerves. One leads from the motor areas of the ccrebralcortex 
to die opposite side of the cord, and is concerned m voluntary move- 
ments. Others descend from the mid-bram, which is under the ffiflu- 
ence of the cerebellum, to the opposite side of the cord, and are mainly 
concerned with posture and muscular tone Another leads from the 
and is concerned with rapid reflexes to stimulation of the 
labynntfa, i e , to keeping one*s balance 



CHAPTER SEVEN 


ORGANIC REGULATION 

rpHE NERVOUS SYSTEM scrvcs to co-ordmate the activities of the 
X difFermt oi^aus to soiiie extent, but it is not m itself essentid for 
the life of the tissues AlegwiUhveforyears’withoutnerves, but only 
foranhour or less without blood or some aitificid subsdtutefor blood. 
The cells m a hi gher aTiimal are like skilled workmen, very efficient 
attheirownjobybutnotatotherjobs Thusasingle cell mhydia may 
serve for protection, be sensitive to extemd stunuh, contract when 
stunulate^ pass on exatation to its neighbours, and perhaps secrete 
mucus, but mnone of these ways will it act as effiaendy as the various 
cells of a TTiftmmd, each of which performs one of these spead 
functions 

The latter are enabled to spedahze largely because they have a 
nearly constant environment^ constant m diemicd composition and 
temperature, and do not spend any energy in adapting themselves to 
change m it This environment is supphed by the fluid part of the 
blood hi this and the next chapter we shall consider some of the 
foctois in the mtemd environment, and how they are kept steady or 
adapted to new conditions. Most of the generd symptoms of disease 
are due to upsets of the mtemd environment 

Each organ must have food, oxygen, and a means of getting lid of 
waste products But this is not all It must have them in the ngjht 
amounts Too mudi oxygen is just as deadly as too htde. And it must 
also have m the right amounts othor substances which it does not use 
for work or repair. An animd ches if we halve or double the amount 
of potassium sdts m its plasma, though it does not turn potassium sdts 
mto anything else So these too have to be kept steady. Further, an 
organ may need di^rent amounts of a given substance at diflferpnt. 
times If amusde suddenly starts work, its Os-consumptionand COf 
production mcrease aboutfifty times It was already nsmg most of the 
oxyg^ m the blood which passed through it, so it must tncrgase its 
blood supply correspondingly. "When it is at rest about five out of 
every sue of its capillanes are shut. When it begms to contiaa t-jipsp at 
once open and dbe others open wider. The small arteries also open 
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wider. In a resting muscle they arc kept almost shut by the sh glit 
alkalinity of the blood, and also probably by the presence of oxygen. 
Now if wc cut the leg off a recently killed frog and run fluid through 
die blood-vessels, dicy will open up if dns fluid is not suffiaendy 
alkaline, or is short of oxygen. Just the same dung happens when a 
musdc contracts or a gland begms to secrete. The 0* flows from the 
blood and CO# is poured into it, makmg it aad; the blood-vessels 
relax and widen, and the organ obtains an adeq[uate flow of blood. 
Othei products of activity besides COg probably co-operate m pro- 
ducing diis eflect. 

But when any large organ opens up its vessds the arterial pressure 
would fall unless the heart pumped harder. The other organs would 
dicn go short of blood We must therefore study the workmg of the 
heart. Like odicr involuntary musdes, it will work without any 
nervous control. If we take the heart out of a rec e n t ly dead animal or 
man, and supply it widi warm blood or an appropriate salt solunon 
containmg oxygen, it begins to beat agam and may go on for many 
hours. Bven an isolated piece of it will beat hi a mammal the beat 
starts at the entrance of the great vdns to the right amide in a special 
piece of tissue known as die ^'pacemaker,” whidi docs not contract 
but stimulates the neighbouring musde If we warm the pacemaker, 
die whole heart beats frster, if we destroy it, the heart first stops, then 
begins to beat ataslowcr pace ofits own Iheaundes contractalmost 
instantaneously when stimulated by die pacemaker, but they are only 
connected with die ventndes by anarrow bndge of conductmg tissue 
m wludi die wave of exatation is delayed for about one-tendi of a 
second, and then passed on almost simultaneously to all parts of the 
ventndes If the bndge is damaged, as in some forms of heart disease, 
die ventndc may only respond to every second or third beat of the 
auridcs. If it is destroyed they beat at their own rather slow rate, and 
cannot be speeded up. 

Now if wc take an isolated heart, or a heart whose nerves have been 
cut, and give it an increased supply of blood, it can increase its output 
per beat but will not increase its rate at all 

Tlic rate is governed by two pairs of nerves. Of these, the vagi arc 
one; if dicy arc stimulated die heart slows down, if they are cut it 
speeds up, showing that they are normally acting as a brake on it. 
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maizdytlirough the pacemaker. Theotherpair, called the accderatcnrs, 
come through sympathetic ga&g^ from die spinal cord. Stimulation 
of diem speeds up the heart Both pairs axe governed by the same 
centres in the medulla oblongata. 

If the blood supply to the heart is increased, the great veins and 
aundes are distended, andieceptororgansintheir walls send impulses 
up to the bram which result in the vagus brake being slackened by a 
reflex action, and if the stimulus is suffident^ the accelerators are set to 
work. Hence, when more blood reaches the heart &om the open 
vessds of an active musde, it increases its rate and force 

Another set of reflexes keep the arterial pressure steady. A pair of 
nerves called the depressors run tirom receptor organs m the aorta to 
the meduUa oblongata, which they enter with the vagus If the aorta 
be distmded by an abnormally high blood pressure, impulses run up 
them to the medulla. The reflex response to this is a slowing of the 
heart by the v^jus and an openmg of small arteries. The opposite 
occurs if the aortic pressure &lls. There is also a pressure gauge m the 
brain itsdf If pressure is put on the brain ficom outside, for example, 
by a dot of blood under the skull, its vessels will collapse, and the 
brain will force the heart to raise the arterial pressure till they open up 
agam In this way the arterial blood pressure is keptsteady, so tetany 
organ can obtam the blood supply it needs by opening up its blood- 
vessels 


But thebram does not allow an mdiscrumnate competition bet ween 
diflfercnt organs for blood supply. The artenes as as the heart 
are under nervous control A senes of nerves called vasocem- 
stnetors run m the sympathetic system to the smooth musde of the 
arterial walls The vasoconstrictors come into play m nmnnsfaTirtK 
which a&ct the body as a whole, sudi as change of posture, or violent 
exercise When a man gets up after lying dovm Ae blood tends to 
flow into his bdly and legs, and this is prevented by the contraction of 
- the artenes of these parts, under impiflses tiom the vasomotor 
^ which hes near the heart-xeguiatiiig centre in the brain If he has Wfu 
in bed some days the vasomotor centre is out ofpracuceandhis bram 
runs diort of blood, so that he becomes dizzy may femf 

If there is a great deal of blood m the guts and skm, as when we are 
sitting before the fire after a heavy meal, this may even happen on 



iKIMAL BZOLOGT 



Fig 35 Dtagzam of a microscopical section 
tbrou^ the human skm The ectodermal 
part or epidermis consists of imdifierentiated, 
actively dividmg cdls below (£m), which 
gradually become changed into homy plates 
(£c) It also gives rue to tubular invagmatioos, 
&e sweat g^ds, one of which is seen at gl, 
with Its duct (d) The mesodermal part or 
dermis consuts of connective tissue (Dc) with 
blood-vessels (v) and nerves (n), some of the 
latter leadmg from touch organs {tc) It also 
contains lat cells (/). No hairs or sebaceous 
glands are shown in he section (Hoidey, 
Lessons m Bmentary Physiology, 1915 ) 
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getting out of A chair. Again, during muscular exertion the arteries to 
die guts contract, and digestion has to stop. 

The vasoconstrictor nerves are also exrited by chemical stimuK to 
the bram If we are dirottled or breathe very impure air, the COj of 
die blood goes up and the Oj down The vasomotor centre then nar> 
rows down all artenes excqit diosetotheheart, lungs, and brain, and 
the blood pressure rises. These three esennal organs must have an ade- 
quate supply of oxygen, whatever dse goes short The other organs, 
if left to themselves, would open up their vessels, but m a general 
emei^ency they are not allowed to do so. The heart is also speeded up. 

There are also vasodilator nerves For example, when a dog gets hot 
the vessels m its tongue are opened up by a speaal nerve. Moreover, 
many ofthenerver-ftbres whose stimulation causes pam send branches 
tothelocal blood-vessels 'When a pam spot is stimulated, impulses run 
up to the spinal cord. They also run direcdy to the local vessels, which 
open up, causing reddening of the skm, this is almost the only reflex in 
higher animals of whuh the nervous path is entirely outside the central 


nervous system. 

The above are cases where an organ gets blood which is not to be 
used mainly as a gas earner The same occurs m an actively secreting 
gland A sahvary gland when active uses three times as much oxygen 
as when at rest. But it also needs a great deal of water to make s^va, 
and It IS as a source of water rather than of oxygen that it needs blood. 
Its blood supply must go up ftve times, and as the ordinary diemical 
call for blood is not effective, a vasodilator nerve is used. As the blood 
supply goes up more than the oxygen consumption, the venous blood 
of the active gland is actually redder than us^. 

Amuch more unportant case ofnon-zespiratory blood supply IS the 
dun’s (Fig 35). The human skm mcaetes ene^ just as the kidneys 
cjorete matter. All the heat produced in the body has to get out, and 
sddom does more than a fifth of it get out in the breath The remainder 
goes through the skm, anditslossisregulatedinsucha wayas tokeep 
he temperature of the body very constant If we go mto a hot room 
he same amount of heat hu to be lost m a given time, but it is obvi- 
ously harder to get nd of it. tf we work hard and produce moreheat 
in our bodies, more heat has to be lost m a given time, though the loss 
of a given amount is no harder. In each case the skin responds in the 
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same way. Its small arteries opea up and it gets red and warm. Heat 
is thus brought from the inside to the surhuie m large amounts and 
rapidly lost^ as j&om the radiator of a motor vthide. If this means of 
losing heat is insufficient, we begm to sweat The sweat comes &om 
microscopic glands under nervous control. It consists of water con- 
taining less salt than the plasma. 'When this evaporates the skm is 
greatly cooled, for water has a big latent heat of evaporation. Sweat 
that does not evaporate does not cool us, and it cannot evaporate if the 
air is already saturated with water vapour. So sweating is usdess in a 
hot and damp atmosphere which is therefore &i more opprcsave 
than a dry one of the same tempei^ture. The ordinary themometer 
does not tdl us whether we shdl he able to lose heat or not. For this 


purpose we use a “wet bulb” thermometer. The bulb is wrapped in a 
wet doth, so that the drier the air is, the more heat it can lose by 
evaporation. It is therefore in thesamepositionasaman whosedothes 
are soaked with sweat the air is saturated with irater the wet and 
dry bulb thermometers have the same reading, if the air is dry the wet 
bulb thermometer may read more than IIX)" Fahrenheit lower. 

Men can stand dry heat 6r above boilmg pomt, staying m a room 
where a steak is cooked in five minutes, and only commg out when 
tbfjr hair begins to su^e. But a wet bulb temperature above 90“ 
Fahrenheit is fiital, and above one of 75® Fahrenheit the capaaty for 
work is lowered. We get an idea of die efficiency of sweating bycon- 

sideiingaman infairly dry air at body temperature (98'5®Eahrenhat). 

He can lose no heat by conduction or convection, so it must aU be 
used m evaporatmg water. He has to lose 3,000 kilocalories per day. 
But the evaporation of 1 litre of water at body temperature requites 
570 kilocalones, so m a day he must sweat 5*3 htres, or 9 3 pmts. 

Actually many mcncansweatlhtte per hour, and the world smit- 
ing record is held by an English coalminer who lost 18 pounds 

gallons, or 8 htres) m 5 J hours. , 

To make up for the loss of sweat one must drink more water and 

eat more sodium chloride than usual Miners working irr great 

are therefore fonder than the average man of bacon, i 

Many animals, such as dogs, have very few sweat glffi , “ P , 

a veiy thm sahva which they evaporate by rapid shallow breathmg, 
panting With opcn mouth and tongue hanging out. 
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Several parts of the brain are con<%me(l in heat regulation. They 
receive nervous impulses &om the skm, and also hrom local organs in 
the brain which measure the tempoature of the blood like thermo- 
meters Thus,ifcertainpartsofanammal’sbram,orthebloodgoingto 
them, are heated, the animal begins to flush and sweat, and the rest of 
its body is cooled down. If the brain is cooled the animal shivers and 


its temperature rises 

During adaptation to heat we cannotcut down our heatproduction 
esxpt by keepmg still, but when cold, besides shutting down the skin 
vess^, we first tightenup our mu»des, then shiver, and finally talm 
exercise. In all these ways more heat IS produced Li many diseases the 
temperature uses This is not due to increased heat production, but to 
diminished heat loss owing to perverted fimcdon of the temperature 
centres A man whose temperature is thus using feds very cold until 
it has reached the new level to which he is regulating. He shivers and 
complains of the draught, to whichhe may put downhis illness Ifhis 
temperature fiiUs qmckly he sweats profiisdy and feds very hot 

Mammals and birds have a nearly constant temperature, but other 
animals have a variable temperatum, a fiaction of a degree above their 
surroundings If we v^um a “cold-blooded” animal through about 
5” antigrade we double its rate of tnygen consumption, and all its 
other activities. For example, it is possible to read the temperature 
withinl*’ Fahrenheit by measuring the distance walked by an ant in a 
mmute! Cold-blooded animals cannot move qmckly in winter, and 
mostly die or restmholes. Theactivities ofmammals and birds arenot 
flowed down, so they are the dominant animals m temperate and cold 
dimates. But m hot countnes, snakes, crocodiles, and so on, are able 


to compete successfully with warm-blooded ammak A £sw mam- 
mals, such as hedgehogs and dormice, compromise by slee ping 
through the wmter at a low temperature (and therefore a low rate of 
oxidation), but they never let theu: temperature 611 to that of their 
surroundings. 

We must now turn to chemical rngulation of the composition ofthe 
blood and tissues It will be convenient to begin with the gaw^ the 
quantity of wbch m the blood is regulated by breathing. 

The obvious duties of the loi^ are to get nd of CO* a^ let in O*, 
and if we go mto a room contammg say 6 per cent of CO* instead of 
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& normal 0 (B ^ cent, or 10 per cent of 0. instead of dienoinial 
20-9 pet cei^ (he breadung increases gready HoweTCt,asinalldtop 
m die 0, of the an bteadied has no visible efiect on the breadiing, 

because the hsemoglobin is already almost saturated with oxygen at 
a pressure less than that m the lungs So want pfO, cannot be what 

normaUy keeps the breathing going. Tofindouthowthebreathmgis 

regulated we must take the samples of air j&om die very bo ttom of die 
Jungs, where it is m equilibnum with the blood This, which is called 
the alveolar air, can be obtamed at the end of a deep breath out The 
amount of carbon dioxide in it is very constant, about 5 J per cent, 
whereas the amount of oirygen vanes a good deal If the atnnnnt of 
carbon dioxide mcreases by only 3 per cent of its normal value, the 
breathing is doubled, if it by the same amount, as afier voluntary 

over-breathing, the breathing stops The mamreason why we breathe 
more duni^ moderate muscular exercise is because more carbon 
dioxide is being produced, and this stunulates the respiratory centres 
m the bram to make the breathing muscle s do more work. Thus the 
longs have the function of keeping the COj pressure in the tissues at 
die normal level, not merely of excreting it 
Carbonic aad seems merely to act on the respiratory centre m virtue 
of Its bemg an acid If another aad, such as hydrodilonc, is u^ected 
or drunk, die breathing IS gready increased, while It slows down when 
aualkalmesnbstancesuchassodiumhydrogencarbonateistaken The 
most femiliar case, however, is that of very violent exercise When 
the mosdes are working so &st that they cannot get enough oxygen 
for their recovery process, lactic add accumulates m them and leaks 
out mto the blood, from which it is only gradually removed So after 
running a quarter-mile the extra carbon dioxide is got nd of in the 
&w mmutes of violent pantmg which succeed the race, hut a small 
mcrease of the breathmg, due to lactic aad, may persist for half an 
hour or so. Duimg this time die alveolar carbon dioxide pressure is 


at once begins to pant, but after a while the pantmg dies down, 
because a lot of CO* has been blovra out of the body by die increased 


addity which would otherwise be produced by the lactic aad 
Serious oxygen-want also exdtes the respiratory centre. If one goes 
mto air contaimns only about half the nor^ 20 9 per cent of 0*, one 
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breathing, and the respiratory centres have no more reason to dis- 
charge nervous impulses than before, dieir normal stunulus, CO2, 
bemg reduced m quantity. So a man who has gone into bad air at£rst 
pants enough to keep ^ blood supphed with osygen Then the 
breathing becomes normal, and he ^ unconscious with oxygen- 
want A candle is often a much better measure of oxygen-want dian 
one’s own feelings 

Another way m which die breadnng is a&cted is by the process of 
digestive secretion. When the stomach secretes hydrodiloiic aad the 
blood would be too alkalme if carbomc aad were not kept back to 
take its place, so die breadung is dighdy slowed down. Later on, the 
panaeas and mtestme begm to remove alkali &om die blood for their 
seaetions, and to prevent it gettmg too aad die breathmg has to be 
maeased These changes are too onaU to observe direcdy, but can 
easily be measured. We can get some idea of why the alkalinity of the 
tissues has to be regulated so carefully by experimenting with tissue 
or enzymes taken h:om them If we take a dead organ and preserve it 
carefully from bactena it does not putrefy But if it is kept at body 
temperature the tissues gradually soften and are &und to be digesting 
themselves This is due to enzymes m them. The dying tissues produce 
aads, and m a shghdy aad medium diese enzymes work very much 
more rapidly than m an alkahne or neutral one. 

Thus, to prevent an organ &om digesting itself it must be kept 
shghdy alkahne The best known ofthese enzymes is that in the hver 
which breaks up its glycogen mto sugar A qmte fresh hver, besides 
bemg very tough, does not taste sweet If it is allowed to digest itself 
for a few days it not only becomes tender, but sweet Some other 
enzymes actmorerapidlymamedmmmore alkaline fh an thfi normal, 
so if the reaction of the tissues is altered the normal balance between 
the different chemical processes is upset, and death may occur. 

Just as the lungs regulate the amount of gases m the blood, the 
bdneys regulate the amount of the soluble bodies. The blood which 
passes through these organs is always altered so as to resemble an 
“ideal” blood. Thus, if there is more water in the blood plasma fhan 
m this ideal or standard plasma the kidney secretes an unusually watery 
urme, and the plasma of the blood m the renal vein therefore cnnfains 
less water than the arterial blood, and resembles the standard placT na 
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more dosely. as is more usual, espedally m hot weaiher, there is 
rather less water in die plasma than in the standard plasma, the kidney 
secretes a concentrated udne, so the blood leaving the kidney con* 
tarns more water than that entering it The substances found in blood 
and uruie can be divided into two classes The first dass indudes 
almost all foreign substances, foneicample, iodides, dyes, or foreign 
protdns injected into the blbod. These are removed by the kidneys, 
however htde there is m the blood. It also mdudes some very impor- 
tantwaste products, such as urea, the substance which contains most 
of the mtrogen resulting fi:om proton oxidation. The rate at which 
such substances are exacted is roughly proportional to the amount m 
a given volume ofblood The second dass mdudes most of the normal 
consftftients of plasma, such as sodivim, potassium, cabum, mag- 
nesium, chloride, bicarbonate, phosphate and sugar. These substances 
ate only exacted if the quantity of one of them contained m a given 
volume of plasma exceeds a certain limit, called the “direshold. For 
example, the amount of dilonde m the plasma is generally a few pet 
cent above the threshold, and thae are, thaefore, cbloiidesmnonnal 
iirinff, Butifwe dunk alotofwater after violentsweatmg, the amount 
of chloride m the plasma fells bdow the threshold, and it disappears 

fi»m the urme.Noimal blood contains aboutOlOpttcentofglucosc, 
asunplesugar-Ifahcalthy man takeslOO grams of ^ucosctheamount 

mthcblood rises to about 0'13pa cent, butnoneappcaism^i™ 

The threshold value for tIiekKfeeyisaboatO-17 pacent. If, mcretore, 
the arrangements for storing sugar are out of order, as in tobctcs, a 
dose of 100 grams will make the blood sugar nse above 0-17 per cent, 

a few substances For eannple, snlphunc ana pht^Jonc »a« ^ 
made iton^ut lie body by 4e oa^on rfdie 

k»W bas » get nd of 4ese, but Its c<& and liose of lie on^ 

' < j 1 excretes the sul 


m reaction. JJuttncrczsttw«xwu5«-« 

ail liac IS re^uned for tins pinpi^. ^<nn. “JX^conr 

are poisons when iqeclad into lie blood stream, 

almost aD the aninmna reatimg tt mto urea, vdudi IS nest y 


vats 
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harmless So the kidney has to make its own ammonia, and the more 
aads It has to excrete ihe more ammonia it makes 

The kidney is domg work like a mnsde, for work has to be done m 
concentratu:^ substances, just as in compressing gases For esample, 
to concentrate the urea m a htre dFblood mto about 20 cubic centi- 
metres of unne, as the kidney does every twenty mmutes or so, 
requires at least as much work as to compress a htre of gas contammg 
as many molecules as there are ur^ molecules m the blood, mto 20 
cubic centimetres. Actually the number of urea molecules m a htre of 
blood is the same as that m a htre of gas at a tenth of an atmosphere 
pressure, so the work needed is that required to compress this gas to a 
pressure of five atmospheres, i e , 40 lologrammetres. In order to do 
this work the kidney needs oxy^n. Its oxygen consumption can be 
measured by de terminin g the rate at which blood fiows through it 
and the amount of oxygen lost by this blood. As a matter of £ict, the 
kidney uses a good deal more oxygen per gram per nunute than the 
heart, and like the heart, will maease its oxygen consumption three 
or four tunes if it is given work to do. 

But if we inject salt solution of about die composition of plasma, 
die kidney ne^ no more oxygen, although the volume of uzme 
secreted per mmiite is mcreased This is because it has no work to do 
in concentrating the salt, but it merely acts like a filter. Ifon the other 
hsnd we mject urea or sodium sulphate, its oxygen consumption 
increases, as these substances have to be concentrated Other ^ands 
behave m a similar manner, requiring more oxygen when stimulated 
todowork. 
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THE INTERNAL ENVIRONMENT 

W E SAW THAT , among other thmgs, the kidney was responsible 
for preventmg the amotmt of various morgamc substances m 
the plasma from nsmg above fixed values, while, as will be seen later, 
other organs serve to keep them up to thosevalues What would hap- 
pen if the amounts of these bodies deviated from the normal’ Their 
importance is shown by the extraordmary fret that an organ such as 
the heart or hver can be kept ahve for many hours in a solution of 
morgamc salts which are present m nearly the same proportions as in ' 
plasma For mammalian organs such a solution is — 

Nad, 0‘8 per cent; Kd, 0*02 per cent, CaCIj, 0 02 per cent , MgCla, 

. 0 01 per cent; NaHCOs, 0 1 per cent. 

This solution, whose composition was worked out by Ringer, must 
be saturated with oxygen, and a htde glucose may be added as a 
source of energy. Now if we leave out the vanous constituents, or 
mcrease them above the standard amounts, we shall find out what 
functions they are performmg The salts do not permeate the cells, or 
only do so very slowly, but afifect their surfree properties If the solu- 
tion perfusmg, say, a rabbit’s excised but still beating heart is diluted 
with water, ^e heart swells up and stops It has become sodden widi 
water as does the skm of the hands m a hot bath, for water runs mm 
dbe ce lls and dilutes their contents If we make the solution too strong 
thecdUsshnvel upfromloss of water Ifwcreplacemostofthcsodium 
cblppde by the correspondmg number of molecules of cane sugar the 

heartgoes onbeatmg dearly themainfimctionofthesodiumchlonde 

is to prevent the cells from faking up too much water If we leave out 
the potassium the heart goes into a state of cramp Potassium is needed 
for Its relaxation if w© leave out the calcium it stops in aflabby con- 
dition, fli id so on. A heart so stopped may be revived hours later by 

add i ng t he tnisgiTig salt Other organs behave in the same way Thm, 

if there is too much cm too htde calaumm the fluidmits blood-vess^, 

the kidney refiiSMtaSdldback sugar when the amountofsugar in the 

fluid perfusing It IS baow the normal dircshold value 

We can also observi efiects of the same kmd on a man or animal, 
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though here the nervous system is generally affected before the other 
organs Thus, if a tnan drinks water for some hours more rapidly than 
his kidneys can get nd of it he gets cramps, and later convulsions. If 
he lowers the calaum to half its normal value he gets another type of 
cramp, and so on 

One of the most remarkable thing s about the plasma salts is that 
they are nearly the same as those of sea-water diluted with water to 
aboutthreetimesits volume Suchasolution would, however, among 
other dungs, contam too much magnesium and sulphate Now the 
blood of marine invertebrates is very like sea-water, while thatofsea" 
fish is generally somewhere between that of mvertebrates and that of 
land vertebrates. Many people, therefore, think that land vertebrates 
are descended from fish which lefi; the sea when it contained less salt 
than now, and that our blood plasma has kept the composition of the 
sea-water to which the cells of our ancestors were accustomed. 

Besides the morgamc substance mentioned, the plasma contains 
phosphates, whidi are also kept m by the kidney. They play a very 
important part in the formation of bone, which consists largely of 
calaum phosphate There is an exceptionally large amount of phos- 
phate m the plasma of growing children, and of adults who have 
broken a bone and are engaged m repairing it If the amount of phos' 
phate or of calaum m a child’s plasm falls below normal it is unable 
to form bone properly, and develops ndcets. 

Although an organ can be kept ahve for many hours by morgamc 
substances, yet orgamc compounds are of course needed for its pro> 
longed existence, and a heart will survive longer if, for example, a 
htde sugar is added to its salt solution. As we saw, the blood contains 
about one part m a thousand of sugar, and this does not M much m 
a starved man or animal In this case glycogen is broken down by the 
hver to keep the sugar level up, and after the ^ycogen is mainly used- 
up, the organs then oxidize fiit rather than sugar, and leave the blood 
sugar about normaL In the same way die amn un r of ammo-aads 
remains ftirly steady, though of course there is a small temporary nse 
after a protem meal The amount of fiit vanes somewhat more, and 
after a very heavy fiit meal the plasma may be quite milky widi 
miaoscopic ftt drops. 

The hver plays an important part m keepmg die amotintg of sugar 
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the ammonia &om excessiye ammo>aa^. The zesidue of the ammo- 
aad molecule left can be oxidized, and in some cases can be made mto 
sugar if required But besides dealing with excess of n ormal blood 
constituents it can destroy poisonous substances conung to it tiom the 
gut. These substances are generally the result of bact^ action there. 
The bacteria attack the proteins of our food, but have not enough 
oxygen to utilize them fiilly. They therefore excrete unoxidized tiag- 
ments of proteins, just as the yeast cell excretes ordinary alcohol made 
firom sugar which it cannot bum Among these excretory products 
are phenol f ^carbohc aad”), cresol, mdol and skatol. The last two are 
foul-smeUing, and all are poisonous They are absorbed Aom the gut; 
but on readung the hver they are combmed with sulphunc aad, 
apparently by an enzyme, to form qmte harmless substances which 
are excreted by the kidney. If, however, they enter the blood m very 
large amounts a proportion gets past the hver and the whole body 
appears to sutier. The hver acts m tiie same way with many other sub- 
stances It has more vaned chomcal funcuons than any other organ.^ 
Besides foodstuff and various coUoids with which we shall deal 
later,theplasmacontainsmexceedingly small amounts certam orgamc 
substances of great importance whu^ are poured mto it by special 
organs, mdudiag the ducdess glands, sudi as the diyroid Some of 
these substances, like adrenalin, ate present m varymg amounts and 
act as hormones or chemical messengers between different organs. 
Others seem to be present m fairly constant amounts, and are needed 
for the normal working of the body {see al^ pp 260 - 1 ) 

Tnsiilin IS produced by certam microscopical “islands” of tissue in 
the pancreas, and passes out of them mto the blood stream If these 
islands of insuhn-producing tissue are removed or diseased the tissues 
become more or less completdy unable either to oxidize or store the 
sugar of the blood. The amount present m the blood increases, 
especially after meals containmg wrbohydrates, and when it rises 
above the threshold value the kidney excretes it and it is waited What 
IS even worse, the tissues begm to make sugar j&om proteins, and this 
too IS excreted. So a tnan with severe disease of the parts of the pan- 
creas which make ^TisnliTi gradually wastes away. This condition is 
ralle fi diabetes If he is still making some insulin we can often keep 
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bun alive on a meagie diet winch he can just deal with, but in severe 
cases we have every day, or several tunes a day, to nyect insulin made 
bom the pancreas of animals . Unhirtunately an overdose of insnlin 
will depress the blood sugar belownonnal, which may bring on con- 
vnlsions and death. Tnsnlm has not yet been obtained m a pure state, 
but we know that very htde is needed, for less than one milligram per 
day of our strongest present pri^aration is needed even in severe 
diabetes 

The thyroid gland m the neck makes a substance called thyioxii! 
whidi has been obtained m a pure crystallme &im and whose chemi- 
cal stracture is known. Absence or removal of the thyroid does not 
lead to immediate death, but to a condition called myxoedema in the 
adult mammal, cretinism m the young. In dus state the resting 02 
consumption is only about 60 per cent of die normal, and die adult 
patient becomes &t, sluggish, stupid and bald, while a child develops 
abnormally and is idiotic, and a tadpole never metamoiphoses into 
a £x)g These conditions can be completely cured by admmister- 
mg thyromn or extracts of the gland. Fortunatdy, thyroxin is not 
destroyed, like insuhn, by digestive enzymes, so it can be given by 
the mouth (Plates 13 (i), 14). 

Thyroxm has such a powerful effect that only about a third of a 
milhgram per day is needed to keep a thyroidless man normal, and 
this amount will cause the omdadon of a quarter of a milhon times its 
weight of glucose. The thyroid gland sometimes swells up and pro- 
duces too much thyroxm. The resting O 2 consumption dien nses and 
may reach double the normal amount In one hospital the patients m 
die ward reserved &r hyperthyroidism eat twice as much as those in 
any other ward! They become thin and nervous, and thetr eyes tend 
to protrude They can generally be cured by cutting out the gland 
wholly or m part. 

Thyroxm is an orgamc substan(% mdudmg four lodme atoms m its 
molecule, so if diere is not enough lodme in the h>od and drink it can- 
not be made m suffiaent quantity, hi many inland districts swelling of 
the thyroid is found along with a low or normal resting metabolism. 
This (hsappears when a few milhgiams a week of an iodide are given. 
The gland which has been overworkmg in an attempt to maVg 
thyroxm with too htde lodme rapidly recovers. The same simple 




Fig 36 (firom sm\ld print) A giant and a dwarf Hie giant was only seven- 
teen years old, but'8 feet high. His condition must have been due to over- 
production of the secretion of tbe antenor part of the pituitary m youth, before 
tile long bones had ended tiieir growth m length. Note the disproportionatt 
length of his hmbs and extremities The dwarf (only 2 feet 4 inches gnl 
IS of a well-marked type with relatively large head 
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remedy has made it possible to rear sheep in the Amencan State of 
Midiigan, where, owmg to kck of iodine m the sod and water, they 
were formerly unable to hve. On other hand, healthy people may 

make too much diyroxm if given excess amounts of iodides 
Another gland with important mtemal secretions is the pituitary, 
which produces at least two difi&rent substances The postenor part 
produces a hormone, pituitrin, which affects smooth musde It seems 
to be needed for the normal function of the capillaries, which become 
relaxed and leaky m its absence, whde the kidney produces large 
amounts of a watery urme It also has a powerful ei^ct on the womb, 
and IS used to help it to contract dunng duldbirth The anterior part 
of the pituitary is concerned m regulatmg growth Whenitis removed 
we get a dwarfish condition, and when it is enlarged and secretes too 
much we get overgrowth. The precise ef^cts depend on ^e. In a 
chdd, a long bone, such as the femur, condsts of three parts, the shafi; 
and two bony pads at each end, called the epiphyses Growth takes 
place notat ihejomts butat the soft carolagmousjunction between die 
shaft and the epiphyses If the pituitary begins to over-secrete h^ore 
the epiphyses have been jomed by bone to the shafb, the patient 
becomes a giant, if afterwards, he becomes only a htde taller, but the 
epiphyses, lower jaw, brows, and some other bones growmduidaiess, 
and a condition called acromegaly results, diaractenzed by large 
hands and &et and a peculiar kaal expression Clearly for norrmd 
health the pituitary, like other glands, must produce just the ng^t 
quantity of its mtemal secretions (Hg. 36). 

The adrenal glands, which he just above the kidneys, also consist 
of two parts The central part secretes adrenalin, a substance which 
produces die same general efi^cts as stunukung die sympathetic 
nerves, for example, a rise of blood pressure, a dowing down of the 
movements of the gut, and a pouring of sugar into the blood. 
Adrenahn seems to be constandy entering the blood, but m larger 
quantities during emotion The outer part (cortex) of the adrenals is 
necessary for life, and probably poun so mething into the blood, but 
we do not know what The parathyroid glands, whidi he in the neck 
m or near the thyroid, also produce an internal secretion which i^u- 
ktes tile amount of calcium m the blood plasma. The gonads 
produce mtemal secretions, which control die appearance of the 
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secondaty sexaal cbaracteis whidi distinguish the two sexes For 
instance, they act on the nervous system, and cause the appearance of 
the instmcts connected with sex. They also influence the growth of 
the skeleton and other structures, such as combs and spurs in fowl, 
horns in deer, and the larynx and beardmman. At the tune ofwntug 
one of their mtemal secretions has been obtamed in a &irly active con- 
dition, though not yet pure 

If we take a few living cells from an organ, and grow them under 
the best possible conditioos, usually in plasma to which have been 
added extracts of embryomc tissue, will contmue to divide 
indefimtelyiftheyareprotectedfliombactena Cells horn a (huhen’s 
heart have grown m this way for over ten years, a few being trans- 
ferred to jS:^ fluid every two or three days It appears probable that 
they could be grovm mdefimtely m this way, so feat m fee body fecir 
death with the natural death of the fowl by old age must be due to 

causes outside themsdves. Bloodcontains substances which encourage 

cellular growth, and others which check it As an ammal grows up 
the former decrease in quantity. One cell may produce a substance 
which stunulates another type of cell Thus a hedmg wound is fell of 
leucocytes, which crawl mto it from the blood-v«sds. As these die 
they hberate a stuff which cause another kmd of ceh, feie fibroblast 
(which produces connective tissue), to grow and multiply> as can 
easily be shown on a tissue culture The fibroblasts m tissue near fee 
wound therefore grow out into it^ forming tough fibrous scar dssoc 

Sometime growth regulation breaks dovm, and the cdls of some 
part of feie body grow too quickly, causing a tumour. This may be 
haimles, like a watt, but if the growmg c!^ migrate mto fee sur- 
roundmg tissue and finally to distant parts of the body, the growth, 
which IS then called a mahgnant tumour, or cancer, is very deamy 
unless It is removed when still small. We do not yet know exactiy 
why cdls become cancerous, ihou^ m some case feus condition is 
undoubtedly caused by chrome irritation, for instance, by tar m tar 
workee, by cettam parasitic worms m rats 

One of the most important functions of the blood is to dot ff tins 
doe not happen, as m certam disease, a man may bleed to deth from 
a toy scratch. Blood doe not dot in the blood-vessels, evcnifthey^ 
removed from the body, and dots only very slowly m wcll-gteasco 
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receptacles. But contact widi broken cells or withmost fbieignbodies 
leads to clotting, in tbe latter case apparently because they cause cer- 
tain of the &nned dements m tbe blood to burst At least four sub- 
stances are concerned m dotting. Ibe dot is mostly made &om 
fibnnog^ a protemdissolved m die plasma, but at least three other 
substances play a part; namdy, calaum (hme salts), a protem called 
serozyme, and a waxy substance called cytozyme produced by the 
breaking up of cdls. It is still uncertam eitacdy how they mteract, but 
interference with any of them will stop the blood from dottmg. For 
example, a litde sodium or potassium oxalate will precipitate all the 
caldum of blood as calaum oxalate, and thus keep the blood fluid. 

Of the other proteins m the plasma some are concerned m the 
defence of the body feom infection, though it is possible diat fet-hke 
substances play a part too Infectious diseases are caused by animals 
and plants, some of nucroscopic size, some, such as that whidi causes 
most common “colds,” too small to be seen with a microscope. One 
of the best known of the visible ones is the bacillus which causes 
diphthena It grows m the throat, which it may occasionally obstruct, 
and does not usually spread to other parts of the body, but hberates 
mto the blood a poisonous protem which is particularly dangerous to 
the heart If a man has had diphthena this protem, called diphthena 
toxin, is no longer poisonous to him, and what is more, if some of his 
blood IS mixed with the toxm, it renders it harmless when iryected 
mto someone else In practice one iigects ground-up dead diphthena 
baalh mto a horse so that it develops anntoxm without havmg had a 
sore throat Its blood now contains antitoxin and wiU protect human 
bemgs against the toxm We do not yet know die exact chenucal 
nature of the toxm and antitoxin, but we know a great deal about 
them— for example, in whath^mds they are soluble and at what tem- 
peratures destroyed. We also know that fhe antitoxin puts the toxin 
out of action by forming a rather loose compound with it Unfortun- 
atdy, few bactena kdl us m the rather simple way employed by the 


they are qmte efiective against snake bite. 

Anothn type of immumty is that developed to typhoid baalh. 
The serum of a man who has had typhoid, when added to a suspension 
of typhoid bacifli m water or salt sdution, malms them stick together 
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m Iltde clumps and cease to move about The same or similar sub- 
stances mcrease the capaaty of the wbte corpuscles for digesting the 
bacteria, while others wdl actually cause foreign cells to break up. 
These substances are mostly very specific, and a serum which is fa^ 
to one race of bacteria will not always kill a very similar race wbch 
produces a disease of the same kmd, snll less diose wbch cause a 
different disease. Besides such '*immune bodies’* m the blood serum 
wbch can be transferred ffom one man or animal to another and 
experimented with m tubes, the cells of organs can devebpimmumty 
which, of course, cannot be transferred, and as to whose nature rather 
little IS known 


In many diseases most of the symptoms are due to changes in fee 
blood composition, wbch affect organs remote fi»m the one wbch 
has first been mjured. For example, in heart disease the first symptom 
IS oftenfidintness after exercise Tbs is because the damaged heart can- 
not pump blood fast enough though the lungs to absorb the oxygen 
needed by the body, so the bram does not get enough oxygen Many 
of the symptoms of lung diseases such as pneumoma are also due to 
oxygen-want When the bdneys ate diseased they cannot get nd of 
substances with their usual ease, and they also let the protons of the 


plasma leak out mto the urme. Some victims of bdney disease get 
headaches, vomiting and convulsions as the result of the accumulation 
in the blood of vanous poisonous substances wbch a healthy bdney 
can get nd of, others swell up and get dropsy because the bdney can- 
not get nd of water and salts b most acute diseases the blood seems 
to contam poisonous bodies of unknown nature wbch upset the tem- 
perature-regulating centre, and so cause fever. 

Smee bacteria and other hvmg producers of disease were discovered 
we have been enabled to prevent many mfectious diseases For exam- 
ple, we prevent the spread of typhoid and cholera by seemg that 
hariHi do not get mto dnnbng water. Malarial fever is spread by 
mosqmtoes, wbch suck up from the blood the protozoa that 
become mfected thcimelves, and infect the next man they 
means of their sahva, the protozoa havmg multiphed and migrated 
mto the sahvary glands. Malaria can dius be prevented by kiUmg o 
ihe mosquitoes. But, apart from surgery, rest, good diet and nursmg, 
we can often deal with disease by means of drugs Among e most 
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important drugs are antiseptics, wfaich kill off bacteria in infected 
wounds or abscesses, and anaesthetics, which allow the surgeon to 
remove diseased organs painlessly Some drugs, such as Epsom salts 
act m the gut, but most of them have to be absorbed into the blood 
before they act. One group of drugs are valuable because they are 
more poisonous to parasites than to human bemgs For example, a 
dose of quinine which will kill almost all the malanal parasites m the 
blood stream only gives the patient a shght headache But most drugs 
are valuable because they act on some special organ. For example, 
there is a form of heart disease m wbch the aundes, instead ofbeatmg, 
twitch m an irregular way. The ventndes are constandy being exated 
by the aundes; they therefore contract so often that diey have no 
time to fill up between beats, and become bdgued We give the 
patient digitalis, a drug which acts mainly on the heart, and in some 
way blocks the conduction of impulses firom the amides to the ven- 
tndes The latter then begm to beat at a slow rhythm, but fill up 
properly between beats 

Agam, m chloroform or ether anaesthesia there is a danger of the 
heart stopping, so we want to blodb the passage of inhibitory impulses 
horn die bram down the vagus For this purpose we mject a htde 
atropme. This has the property of stopping the action of the para- 
sympathetic but not of other parts of the nervous system It not only 
hinders the action of the vagus on the heart, but also on the stomach, 
and this discourages vomitu:^ Many drugs act especially on the brain. 
Some af^ those parts which am concerned m consaousness, and 
produce sleep or w^fulness as the case may be Others afi^ specific 
centres, such as the heat-regulating or vomitmg centres, and by a 
suitable use of them we can allay pain, fever and other symptoms 
whidi mvolve the activity of the bram It is, however, certain that 
many more chemical weapons m the war against disease r emain to 
be discovered. 

To sum up, not only the normal activities of die body, but even its 
normal shape, depend on die simultaneous normal activities of its 
vanous parts. They influence one another pardy through the nervous 
system and pardy by mechamcal means, as when a bone grows in 
response to the pull of a musde, but very largely by chemical Actors 
The dienucal side of the rdationship between the hundred nnillinn 

WST—I 
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nuUion or so cdls tJiat make up your or my body is sufifiaently com- 
plicated, but it IS simple compared to the chemistry of the reactions 
between tbe hundred mllhon milhon molecules that make up a cell of 
average sae. The study of those reactions is the mam talk of bio- 
chemistry. Suffice It to say that we have begun to isolate many of the 
mtermediate products of metabolism and the catalysts that govern the 
course of the reactions by which they are formed But the life of every 
individual cell is m its way as complex as that of the whole body, in 
the descnption of which we have taken the mdividual cells for granted. 



CHAPTER NINE 


SOME POINTS IN THE 
PHYSIOLOGY OF DEVELOPMENT 

I N THE LAST few chaptcis the existence of tie fully grown anim al 
or man has been taken for granted, and dhe attempt has been made 
to discover as much as possible of its way of workmg: we have been 
studying the physiology of adult h& But the adult anima l (and plant, 
for that matter] is not a ready-made article — ^it has to develop. In the 
second chapter we studied devdopment as revealed by simple obser- 
vation But that gave us no more than does a mere description of 
structure for the adult organism We want to know something of the 
physiology of developmentjust as much as of the physiology of adult 
life 

The great drSerence between the two branches of physiology is 
tbs — ^that while adult physiology is deahng with stability, develop- 
mental physiology is deahng with change In the former case, the 
general dieters of the organism, m spite of alterations m detail, 
r emain the same over long penods of tune; and one of the most 
prominent features of the processes of adult hfo is that, as a whole, 
they constitute a sdf-regulating system, m wbeh any excess in one 
direction automatically brings into play forces acting m the opposite 
direction But m devdopmental ph^ology, the organism is always 
pasdng from one phase mto another, and even if some of the phases — 
hke the tadpole stage of the foog — ^are of comparativdy long duration, 
yet processes are always at wodr wbch at length will upset the sdf- 
regdative power of the system, and will make it change mto some- 
thing qmte dififorent 

Besides these processes of normal devdopment, however, others 
of the same gendal type may occur as die result of speaal circum- 
stances The foots of regeneration, for instance, come under this head, 
and, as amatter of foct, some analysis of regeneration will be found to 
give the best startmg-pomt for a discussion of devdopmental physi- 
ology m general 

Regeneration is not a very fomihar foct to most of us, smee it is 
present to a very slight degree m oursdves and m the a nim a l s we 
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Wbest Bat worm orpdmorindeedm()Stofdieli.w>r o.,.^.l., 
— It tliey could think— would find regeneration the natural, nnmial 
state of aflfairs, and the absence of regeneration a sad and ahnft rma] 
&Iure Inasensetheywouldbenght Regeneration does at least seem 



Fig 37 Partial and complete twinning artificially produced in newts (a) 
Gastmla stage after a hair has been tied round the s egmenting egg so as to 
produce hght constriction (b) Neuialrfiild stage of the same embryo Two 
sets of neural folds(/ Msf and r AfAQhave beenproduced anteriorly, dieyjoin 
postenorly at x (c) The same just bdTore hatchmg, a two-headed monster 
has been produced, (d) Result of complete s^aiabon of the first two blasto- 
mcrcs by a hair, sf. Two healthy embryos, complete eitc^t m size, have been 

produced 


to be a fundamental and onginal property of hfe, lost late and for 
special reasons 

If you throw crumpled paper mto a freshwater ditdi, or set traps 
consistmg of a botde with boded earth-worm for bait, you will prob- 
ably succeed m catchmg large numbers of various kmds of freshwater 
Planatians — ^htde leaf^haped creatures of carmvorous habits and ghd- 
mg movements. Choose out the brown and black speaes, which are 
die hardiest Transfer one to moist blotting paper, and widi a sharp 
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knife cut it dean across The experiment sounds crud, but in reabty 
you will have artificially encouraged the multiphcation of the speaes 
Each of the bits, replaced in water, will regenerate what is lost and so 
become transformed mto a complete worm The same would have 
happened if you had cut the animal mto half a dozen cross-pieces 
instead of two, and equally whedier you cut it down the middle or 
across If you persisted, you would discover two mam fects m the 
course of your experiments — ^that any piece of any shape, provided it 
was above a certam quite small size, is capable of regeneraong mto a 
whole ammal, and that this happens equally whether the regenerating 
pieces are fed or not (Fig. 40). 

The same would have been tne if mstead of a Planarian you had 
cut up the htde polyp Hydra, and almost the same with the smaller 
Annehd worms such as Lumbnculus The same also holds fiir the 
microscopic smgle-celled Protozoa, although here the operations arc 
much more difficult owmg to the animal's small size 

It IS also true for the very early stages of development m many kmdg 
ofanimal Inanewtadier of the two first cells produced m segmenta- 
tion may, if artifiaally separated, give rise to a whole embryo; the 
same holds m many amn^ for any one of the first four cells, or for 
most fiagments of the late segmentation and blastula stages (Fig. 37). 

Thus regeneration of the extreme type — what we may call com- 
plete regenerative capaaty— is found m the simplest types of anitriftl 
and the earhest stages of development It must ffierefore be thought 
of, not as a special property developed to meet the rare contingency 
of losmg a hmb or bemg bitten m two, but as somethmg natural to 
hvmg thmgs, and present unless circumstances forbid it. 

Further fects confirm this view. In gnimalji of a rather higbf»r grade 
of organization, such as the more compheated worms, Crustacea, 
some msects, and some molluscs, die power to regenerate is still 
present, but it is limited No loiter ran the aTnmal be cut m half^ or 
into a number of htde bits, without losing its capaaty for hfe; but so 
long as certam central and essential organs remam at work, very con- 
siderable losses, such as those of a hmb or a tail, can be replaced This 
degree of regenerative power continues even into the land vertebrates 
Although die firogs and toads do no^ the lower or tailed amphibia still 
possess It. Even a mature newt or axolod can grow not merely a new 
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toe or new foot, but can repair the loss ofawholehma--limbm^ 
gir(fle.lliiswemaycaIlorganregeneration.Insuchaniinals,theeady 

stages m development of an organ such as a limb are capable of 
complete regeneration. Thus, by cutting a tadpole’s limb buds so that 
anumber of separated bits are left, the animal may be made to grow 
more than tbe normal complement of legs (Eig 38 and Plate 15, (i) ). 

The same limitation of regeneration is seen, as might he npected, 
during development also. For mstance, whik the amphibian m its 
s^mtation and blastula stages has an almost complete regenerative 
capacity, the tadpole can only regenerate smgle organs, and the ftog 
can do no more than heal wounds. Even m newts and salamaniiArB 
r^encration is much more rapid m the tadpole than m the adult 

Among reptilia, lizards are dbe only animals whidh possess even the 
power of organ regeneration, and in them it is confined to the tail 
When we look closely vre find that here the original generalpower of 
regeneration inherent m hving things has been retamed m this organ 
for particular biological reasons, and has been combined with special 
adaptations to make it of greater value to the ammal The lizard has 
the power of self*mutiIation (or autotomy as it is ofinn called) If you 
catch a common lizard by the tail you will find that aft e r a 


or two of squirming, the tail, broken off diort at the root, will be all 
that you have m your hand, and tlm rest of the lizard will be running 
off mto safe hiding. This is only made possible by a special structure of 
the vertebras of the base of the tad; they have a rne V on Mde 
which penetrates almost to their centre, and the tad muscles are so 


arranged that when one set of them contracts they pull at the further 
half of one of these vertebrse, and snap it off across the plane of 
weakness 


The tad when broken off is, though doomed to death within a few 
hours, not yet dead; and;it continues to eirecute the most violent 
wngghngs andjerkmgs for some time. Innature what occurs isappar- 
ently as follows: When a bird or other enemy makes a pounce at 
the hzard, it will often only succeed in catching it by the ^ When 
this happens, the tad is broken off, and by its squtnmngs continues to 
keep the attention of the attacker whde die itself is m a k i n g for 

safety. The tad is lost and devoured, but the lizard grows a new one. 
If hz3id*^ting flmmals were ratiotml they would probably confine 
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themselves to tails, gathenng the annual crop as we gather the annual 
crops of finit off a &uit tree In any case, the lizard oftoi saves itself 
by saciificmg its tail (Jtow often could be estabhshed by fmdmg out 
how long tail regeneration takes, and then by examinmg a number of 
lizards ffom one locahty and noting how many were m process of 



Fig 38 VentRil'viewofametamotphosing 
toad {Pehbates) widi six legs Hus condition 
W3S brought about by cuttn^ into the eaxly 
hmb buds, eadi separate piece devdopmg 
mdependendy 

growingnewtails— an ^enment well worth trying), and this desir- 
able end has only become possible by addmg the special mechanism 
for breaking off the tail to the primitive power for regeneration. 

Crabs and many other arthropods have this power of autotomy in 
their limbs, and some worms vdien handled break their whole body 
into fragments, each one of which wdl regenerate mto a complete 
individual^ 

One word about the power of regeneration m mammals and our- 
selves Although we cannot grow new limbs, yet our wounds will 
heal, and this is still a real regenerative process; we may call it wound 
healing or tissue regeneration It is also to be remembered that m a 
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certain sense the growth of such tissues as the epidermis is a mnfitiwal 
regeneration—for somethmg is continually being lost, and as con- 
tinually bemg renewed. These last processes M under the head of 
normal or physiological regeneration, A more striking example, perhaps, 
than the skm is to be seen m the andets of deer— two masses of bone 
weiglimg several pounds which are shed and renewed each year. 

Two or three general pnnaples emerge fcom these facts. The first 
— to recapitulate— IS that regeneration is a pnmitivepropertyof hfe 
Mostloworganisms never stop growmg, and the capaatyforregener- 
ation IS clearly associated with the capaaty for growth, smce growth 
IS necessary for many of the processes of regeneration Other changes 
that are at work m regeneration, however, have the character of 
rearrangements, for instance, m the formation of a whole newt out 
of one of the first two blastomeies of the newt’s egg, the only process 
IS one of regulation— of rearrangement of matend which ought to 
have produced a half, so that it actually produces a whole of half size 
In die regeneration of a small piece of Planarian to form a whole 
worm, a certam amount of new growth takes place at the cut ends of 
the piece, but many of the changes mvolved are brought about by 
changes m the ongmal piece For this to happen, however, a certain 
degree of plastiaty is needfiil— cells and tissues must be capable of 
altermg their ongmal character and adapting themselves to new con- 
ditions This also IS largdiy a property of actively growmg organs, 
further, it appears to be impossible if tissue diiferentiation has reached 
too bgh a pitch. 

Thus the gradual hunting of regaaerative capaaty which we find 
as a general rule both m the development of the mdividual and m the 
progress of life as a whole, is due pardy to mcieased diferentiation, 
pardy to the fiut that the higher animals, instead of growing m- 
definitely, show a sharply marked stoppage of growth on reachmg 
the adult state 

Regeneration is thus essentially the restormg of typical fisrm, struc- 
ture, and function, we no^ht cah it a speaal case of regulation 

The fact that a piece of Plananan without a mouth can yet regener- 
ate head and tail is obviously mterestmg The piece’s capital can be 
readily transformed mto cash for the undertaking of new enterprises 
— m other words, the hvmg framework of its body can be broken 
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down into food materials which can then he used up m new growth 
elsewhere. In the higher animals, the living capital is locked up mnon- 
negotiahle forms to a much greater extent, aldiough not so com- 
pletely as IS often imagmed. 

This power of drawing upon die hving tissues m case of need leads 
on to another remarkable power of Plananan and other low types If 
an mtact gnimal of this sort is starved, it can contmue to exist for 
penods of weeiks and months by thus hqmdatmg its capital for its day- 
by-day expenses Smce it draws on its own tissues for its daily energy 
needs, it therefore must grow smaller and smaller. Plananans can con- 
tinue this economical process until they have diminished their size to 
below that at which they hatched from the egg If they are given food 
agam (at any stage m the proceedmgs) they will start growmg once 
more, and recover their normal size and appearance (hg. 39}. 

One very cunous foct was early noted about Planarians thus reduced 
msize by starvation— namely, thattheir proportions gradually altered 
from those of the adult and became more hke those of normal young 
worms This led to the idea that perhaps they not only looked young, 
hut had really become young agam— an idea which was easily put to 
cxpenmental proof 

Some speaes of Plananans reproduce mainly asexually by trans- 
verse division, after die worm has reached a certam length a new head 
IS formed a litde behmd the centre of the body, and m foont of this a 
spht appears along which separation eventually takes place. A brood 
of worms &om one such speaes was taken, '^en they had nearly 
readied foil size, they were divided mto two lots One lo^ fed regu- 
larly, contmued to grow and divide m normal foshion The other lot 
was starved imtil the average size of its members was reduced to about 
half, thenitwasfeduntilithadrecovereditsoiiginalsize, thenstarved 
again— and so on repeatedly. The oqienment was contmued for a 
period of tune m which the well-fed ammals went through nineteen 
generations (a period which, though only occupymg a fow months 
for Plananans, would m human bemgs mean about six centunes — 
from Chaucer’s tune till today) Durmg the whole of diis penod, 
none of the other lot reproduced at all, but all remained withm the 
hmits of size set for them by the expenmenter, and, what is more, 
showed no signs whatever of age or of diminished vigour In foct 

M S T— I* 
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there is every reason to suppose that the ea^eiimeut could have been 
contmued mde£bitely—in other words, that the mdividualFIananan, 
by proper treatment, can be made immortal 

The elmr of life was sought by the alchemists of medieval Europe 
&r hundreds of years. These CKpenments show that it has at last bem 
discovered; but, unfortunately, it is only elective with Plananans and 
some other animals , all of a low grade of organization. 

B efore we go further mto the principles involved in this matter, we 
must mention that there is another way in which animals may sur- 
mount starvation and other unEivourable conditions. 


Z 


\l. I. 

Fig 39. Dediffetentiation and reduction 1 and 2, the 
Asadian (sea squirt), davdlina; 1, normal, 2, the same 
individual dediiSerenbated after eaposure to adverse 
conditions, 3 and 4, the Flatworm, Planana, 3, normal 
adult, 4, the same individual after several months 
' without food 

If an ordinary hydroid polyp hheObeha be keptmthekboiatoiy, 

the hydranths. or separate organized individuals of the colony will, 
(unless the water is well aerated artificially) show a curious senes ot 
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dianges Theirmouthsvnll close and didtr tentacles become stumpier; 
eventually they will lose almost all signs of dieir previous differenti- 
ated structure and become converted mto a rounded or egg-shaped 
bag wi^ a few btde knobs marking where the tentacles had once 
been They have lost differentiation— m other words, have undergone 
dedifTerentiatioii. 

In Obeha the process is comphcated by the hct that while dediffer- 
endation is gomg on, the cells of which the hydranth is made op detach 
themselves from their neighbours and, leaving thor £xed place in the 
tissues, migrate mto the central cavity and down mto the common 
stalk which connects all the hydranths. By this means the hydranth 
dwmdles rapidly, and is reduced soon after dedifTerentiation is com- 
plete, to a tiny knob m the bottom of its protective homy cup. The 
animal has been resorbed by the stem It is as if a house were to be 
unbuilt, by the bncks leaving their places m the walls and migrating 
mto the garden. 

If, however, thehydranthis cut ofi'atits base beforehand, the central 
cavity IS soon filled up with detached cells, and after this, dedif^entia- 
tion alone occurs until the animal is reduced to a mere hving bag tight 
packed -with cells These types of dedifferentiation are found m many 
low types of animals, such as vanous Ccdenterates and Asddians 
(Rg. 39) 

Among higher forms partial dedifferentiation may be a normal 
mode of development. For example, when the tadpole metamor- 
phoses mto the frog, some of its tissues start to dedifferentiate, fiir 
instance, those of the gills and tail The process is comphcated by the 
fiux that phagocytosis, or the devounng of undesirable materials by 
white blood cells, here reaches a &r greater pitch of peri&ction than m 
lower animals, and, as a result, as soon as the cells have reached a cer- 
tam degree of dedifferentiation, they are attacked and removed by 
the white blood cells The disappearance of the tadpole's tail is thus 
due more to the activity of the phagocytes rhan to the migration of 
the tail cells themselves Similar methods of resorption of tissues are 
found when, for instance, a tumour or a graft disappears m a human 
bdng 

To return to regeneration, and to anodier of its aspects, it is found 
that die presence of one part is often necessary for the regeneration of 
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Fig 40 R^eneiatioiianddifi^eiitiauonmPlaiiaiia 1, a normal adult worm 
in oudme» lowing eyes and pharynx, a and b, levels where pieces were cut 
out 2, either aotb pieces may regenerate a new head, m this case complete 
diflferentiatiop to a normal worm occurs The original pieces produce new 
head and tail by new outgrowths, new pharynx and altered shape by temodd- 
Img 3, m adverse conditions, only a rudimditary head is produced 4 and 5, 
m very advene conditions, no head is formed, the ftont end merely forms a 
scar hi these arcomstances, u-pieces form a new pharynx (4), but b-pieces 

do not (5) 
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another part. In Plananans, for instance, die mouth opens at the end 
of a sort of trunk, the muscular pharynx, which can be protruded 
from the centre of the underside, a small piece of die flatworm is 
cut out by two transverse cuts, it depends on a number of circum- 
stances whether a head shall be formed or not, for instance, a low 
temperature near jfreezmg, or exposure to dilute alcohol or other 
poisons (the e 2 q)eriment is easy to carry out) will reduce the frequency 
of head formation, or even suppress it altogether (Fig 40) 

If a head is produced, such a piece will always proceed to the 
formation of a pharynx. But if no head appears, the formation of a 
pharynx depends on the ongmal position of the piece m the body 
If It was cut from m front of the ongmal pharynx, it wdl often 
regenerate a pharynx, even m the absence of a head, but if it came 
from behmd the ongmal pharynx, a new pharynx wdl never be 
formed unless a head forms frrst hi other words, a new pharynx will 
be regenerated m the centre of a piece of Plananan provided that theie 
exists at the front end of the piece aregion whidi is normally antenor 
to a pharynx— whether this antenor region be an old part of the body 
or a new regenerated head 

Thus, the head or front region of die body exerts some remarkable 
mfluence upon a distant region of the rest of the piece, makmg it con- 
struct an organ that it could not otherwise produce It makes things 
make themselves Exacdy how this effect is produced we do not 
know. Possibly it is through the agency of the nervous system hi 
any event, it is clearly a property of very great importance, and also 
one which seems to be of qmte general occurrence For instance, when 
the eye-stalk of a prawn is cut off, a new one like the old is usually 
regenerated But when, m addition to the eye-stalk bemg amputated, 
the opuc ganghon, or part of the bram to which run the nerves from 
the eye, is also cut out, the organ which is regenerated bears no resem- 
blance to an eye and eye-stalk, but has precisely the form of part or 
all of the first antenna or feeler, the appendage which normally comes 
next behmd the eye 

One odier fret gained from the study of regeneration needs to be 
considered before the problems of normal development If one of a 
pair of organs be removed, remarkable results often follow. For 
mstance, m certam diseases, one kidney may have to be cut out When 
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this is done, lie odher begins to grow, and at tie end of a few months 
weighs almost as much as tie ongmal pair togedier Hus enlarge- 
ment follows as a direct result of tie increased dwTiantls nTaf^f upon 
tie functions oftie surviving kidney, and is therefore known as com- 
pensatxiiy functional overgrowti Hiere is no regeneration of tie 
xnissmg organ, but a compensatory growth of its mate, resulting, one 
may say, m a regeneration of junction. 

This functional overgro'Wti may be found not only to compensate 
for tieloss of one member of apair of organs, but also when part ofa 
single organ is removed, or wHen an eictra demand is made upon an 
organ without removal of anything. 

If, for instance, most ofthehver or pancreas or reproductive organs 
are removed, tie bits that are left vnll start to grow rapidly, until diey 
are large enough to cope with tie demands of the body. 

Or, as illustrative of the second case, the normal thyroid secretion 
IS very nch m lodme. When tie amount of iodine m fie food and 
drink fells below a certam quantity, fie demands of the body for 
more lodine-containmg seaetion react on tie thyroid, this b^^ to 
grow, producmg more total amount of secretion as an attempt at 
compensation for its poverty m lodme. It may grow to a relatively 
huge size, producmg a great swellmg, called a goitre, m the neck If 
a httle loine is given to a patient with such a goitre, the reverse 
process sets m, and the swdlmg is reduced* (see also p. 237). 

A similar process takes place m muscles when extra demands are 
made upon diem. Everybody knows how heavy exercise “develops 
tie muscles,” and, after a prdiiminary penod of loss of weight due to 
utilization of the reserves offet, makeamanputontiesh The actual 
size of tie muscles increases as the result of exercise 

With this information we can now attempt some account of the 
normal development It is found that tie early devdopment of a 
vertebrate such as a frog or newt fells, from our present standpoint, 
mto three mam periods The first is essentially a penod of the division 
and rearrangement of already existing materials, and takes the ferti- 
lized egg through segmentation and some way mto germ-layer form- 
ation The second is mainly one of diifercntiation— visible structure 


•The IS not the onty type of gwtte , e g , exophthalmic goitre or Gnves* disease 
fiwm quite other causes. 


seems to arise 
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appears, the organs are blocked out, and tissues become difibrent each 
firom the other. Finally, m the third, the two most important features 
are growth, and the weldmg of the difi^entiated parts mto a working 
whole— by mutual induence of organs upon eadi other and by an 
adaptation of separate organs to the demands upon them through the 
effects of function upon growth. 

This last phase may be taken firsts smce it is in many ways the most 
femihar . Think of a young organism — a recendy hatched tadpole, a 
puppy, a dnld Although it has already a characteristic organization, 
yet this organization is still plastic withm wide limits The final shape 
and size of its bones, its muscles, its smews and tendons, its glands, its 
digestive tube, even ofpartsofitsc^tralnervous system, depend very 
laigely upon the amount and the kmd of use to which they are put 
duimg devdopment 

If one of a puppy’s fore-limbs is tied up soon after birth so that it is 
never used, die dog will manage to get about very well with only 
diree legs But the leg which has not been used wdl be very di&rent 
fi:om die others. The bones of its skdeton will grow almost to the 
normallength, but wiUnever attammorethanabouthalftheirnormal 
thickness, nor will the arrangement of bony struts and stays at either 
end of the shaft (which m an ordinary bone are devdoped so as to 
meet both vertical and sideways stram in the mechanically most per- 
fect way) be propedy fiirmed. The musdes of the leg, too, and dieir 
tendons wdl be very small Not only this, but the nerve-cells of that 
region of the beam which controls the movements of the hmb wdl be 
undersized. 


The power of bone to respond to the strains to which it is exposed, 
IS of practical value. If, for instance, one of the small bones or phalanges 
of a filler is crushed and has to be removed, a small piece of bone 
ffom some other region can (if it include some of the penost layer 
firom which new bone cdls are produced) be grafted m to fcilrff its 
place After a year or two the irregular sphnter wdl have come to bear 
a marked, though not complete, resemblance to the bone fiar which 
It is domg duty (Plate 15, (n) ). 

One of the most stnkmg adaptations m the body is the fiict that 
every tendon which attaches a musde to a bone not only is of the 
•proper size for the stram which the musde can exert upon it, but is 
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composed of parallel fibres whidi nm precady in the region of 
greatest stress. How can diis beautiful relation of mechanism to fiinc- 
tion be supposed to have originated by natural causes? Does not the 
purposefid adaptation, different m detail for each separate tendon, 
demand the mtervention of some supernatural power^ 

Research, however, has in great measure removed such 
for it has shown that all the separate detailed adaptations are the direct 
consequence of one inherent property of the tissue of which tendons 
are made. 


If a piece is cut out from a long tendon, such as the Achilles tendon 
which passes from the musde of die calf over the heel to be fiistened 
to the sole of the foot, it will afier a time r^eneiate. Connective 
tissue grows out into the wound, the cells elongate and form fibres 
in the direction of (he tendon, make attachment to the cut ends, and 
repioduceastructure essentially hke that which was origiiially present 
Butifby one means or another the calfmuscle is put out of action (as 
when its nerve has been severed) then, although the gap will be filled 
by a new growth of connective tissue, the fibres will not become 
arranged m any particular direction, and no tendonrhkr 
be formed. 


Further, when m such an animal (the mam eiiperiments were ear- 
ned out m rabbits) a piece of dean silk was healed across the Tniddle of 
die wound, at nght angles to the onginal toidon, and tiien, by wmd- 
mg it up very slowly on a screw, mcreasmg tension was put on one 
end of it, it was fimnd that fibres were fiirmed in die new connective 


tissue, but parallel to the silk, and therefore useless for any restoration 
of normal function. 


From these fitets (supported by many odiers) it is dear diat tendon 
fibres ate fiirmed from connective tissue when the connective tissue 
IS frequently stretched, and further, that diey are formed pazalld to 
thestretchingfiirce Thrsstretdnngforceis usually theforceofmuscu* 
lar contraction (mgrowing animals therewillalso befrundstretdmig 
due to grovlhofbones);so that tendons wiUbeformedfiom ordinary 
connective tissue when musdes b^fii to contract,* and will be 
“adapted” to the direction and amount of stretehing exerted by die 
musde. In any case, all the apparent design seen m die adaptation of 


* It u possible tbat thep nay ongmate m other icays as wdL 
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each several tendon to the demands made upon it, is apparently a 
direct result of this one reaction of connective tissue to tension. 

To sum up, we may say that certainly most of the tissues of the 
body—possibly all — respond eitho: throughout life or at least durmg 
growth (while their c^ are stdl capable of multiphcation} to the 
demands made upon them, and respond on die whole very advan- 
tageously &om the pomt of view of the whole animal The skeleton, 
the muscles, tendons, many and probably all glands, the central 
nervous system— all these we have already seen to show functional 
adaptation So does the skm Everybody knows that (after the blister 
stage has been negotiated) contmual rubbmg wiU make the skm 
thicken “Homy-handed” is so hacdmeyed an epithet for manual 
labourers as to have almost become mere journalese, and every oars- 
man demonstrates the fact m his own person So, too, the circulatory 
system responds to functional demands. If Everest is ever climbed, it 
will probably be because men can become “acchmatiaed” to high 
altitudes and consequent low oxyg;en supply, largely, it would seem, 
through an extra production of red blooci corpuscles by die bone 
marrow and m consequence a greater capaaty of the blood Eir 
capturmg and transportmg what oxygen there is. 

Furthermore, the size of a blood-vessel, both diameter of cavity and 
thickness of wall, is detcrmmed v^ lai^dy— perhaps wholly— by 
the amount of blood which is pumped through and the pressure 
at whichitis pumped. Cases are knownmwhichlargeartenes become 
blodred up If the blockmg-up process is not too rapid, one or more 
smallbranchesofthe vessel will gradually enlarge, and produce chan- 
nels capable of transportmg the requisite amount of blood without 
difficulty This has been known to happen even when it is the human 
aorta, the mam and mdeed the only Wge artery springing &om the 
arterial side of the heart, which has been blocked 

The same kmd of adaptation is also true of the protective reactions 
of immumty It is a familiar enoughfea that children who have had 
meades once do not generally catch it agam, but this is only one 
among innumerable instances, such as the over-production of chph- 
thena anutoxm by horses mjccted with small doses of the or 
poison produced by diphtheria germs, which has reduced the disease 
from a crud scourge to a senous unpleasantness, or the benefits given 
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by vaccination All these again depend on one single property of 
bgher animals; when unaccustomed proteins enter their system, they 
can (iflheforcignsubstances arenotmtoo greatamount, andprovided 
certam other conditions are fulfilled) not only destroy or inactivate 
diem, but in the process generate an excess of the destroying sub- 
stance or anUhodyt which remains fi>r a longer or shorter nmp. so that 
a second mvasion can be more rapidly and ^fectively crushed (xe alx 
P 241) 

Although many of these adaptations are possible throt^out hfe, 
others can only occur during development, and most of them are 
essential for normal development, since only through them do the 
si 2 e and structure of the various organs come to correspond to their 
function and to the physical and chemical stresses imposed on them. 

There is, however, another type of mechanism which is active 
through the later penods of development and plays an important role 
not only m this functional adaptation but also m fiismg the parts of the ' 
lorganism into a more unified whole, and that is the endocnne system 
or sum total of the ducdess glands [see ako pp 236-9) 

Many of them, such as the thyroid and the pitmtary, have mdis- 
pensable functions as regards proper growth The thyroid regulates 
the rate of metabolism, mcreased amount of thyroid secretion produc- 
ing an increase of oxidation m the body As might be eiqiected, this 
function seems to be of mord importance to the wdl-bemg of animals 
such as mammals, with a nom^ high metabolism (great heat pro- 
duction and constant high temperature), than to those like fish or 
firogs, which do not have to be constantly generatmg large quantities 
of heat to keep their temperature above ^t of dicir surroundmgs 
Within the mgtnTnftls , the absence or fiulure of the thyroid makes 
more dificrence to an adult man than to an adult sheep the thyroidlcss 
sheep IS but shghdy abnormal, while the thyroidlcss man becoma 
notably fet, sluggish, and slow-mmded Butits absence m the ch^ 
m whom growb and activity should be much greater, mak« rar 
more difference agam than m the grown-up man, the thyroidlew 
human child or critin usually dies early, can only grow into a smted 
dwarf, and never develops normal mtefligence, the bram of mm 
apparently requiring a high level of metabolism for its unfold^ 
Amphibia, metamorphosis from larva (tadpole) to adult is under the 



SOMB POINTS IN THE PHYSIOLOGY OF DEVELOPMENT 261 

control of the thyroid. Tadpoles TPith their thyroid cut out refuse to 
he transformed into frogs, and grow to giant size in the water (Plate 
13 (i) ), while if a dose of thyroid is given to quite young tadpoles, 
they will metamorphose into froglets no larger than flies 
The changes which take place m body and mmd at puberty are also 
flie control of the endocrine system The immediate control is 
exerted by the gonad itself It is important to find that a whole set of 
separate changes can be brought about by a single chaise m the duct- 
less glands, and further, that all these changes are in the long run 
related to one function, that of reproduction. 



Rg 41 Outhnes of two iclated speacs of fish {Argyropdems olfersi and 
Stenioptyx draptiaia) The one can be denved fiom the other by a simple 
distortion of the telatsve directions and intensities of growth in length and 


growth in a doiso-ventral direction 

That a single nnginal alteration m the chemical composition of the 
blood, an alteration appearing inevitably at the end of a defimte span 
of growth, should bnxg about an mcreased growth-rate, the forma- 
tion of mature spermatozoa m the tesms, the appearance ofhair on the 
free and body, and a marked change m mental outlook and tempera- 
ment, is one of the most striking frets m biology 

All the ductless glands have this m common, that their secretions 
are earned all over the body by the blood, so that they can exercise a 
number of different effects simultaneously upon the most diverse 
organs 

Itis frirly obvious, however, thatfor all the importance of function 
and of the «»ndnmnp. system in development, their task is essentially 
one of regulaong the degree of activity of processes already m bemg, 
or of (hrectmg them along particular channels Bones exist m the 
absence of a pitmtary or of pressure upon them, and muscles without 
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being used It is only a small part of the adult man*s growth of hair 
that IS dependent upon the testis, metabolism contmues m the absence 
of a thyroid, and the first development of a gland or blood-vessel 
takes plac^ before its use begins 

Another pomt that should not be forgotten is that m the long run 
the differences m shape and size between different ammals depend 
almost entirely upon differences m the amount and direction of 
growth m different regions during development In very early life 
hmd-limbs of a whale grow much less j&st^ compared with die 
body, than do those of a man, and those of a man much less than 

those of a kangaroo, Some idea of the changes which would be pro- 
duced m human bemgs if the proportions between general growdi in 
length and growth m breadth were rather different from what they 
actually are, can be obtained by visiting the distorting mirrors at afkr 
or circus Or one organ may be affected dififerently from the rest, the 
effect of this on general proportions may be seen by looking at onesdf 
m the broadenmg mirror, first with the arms held agamst the sides, 
and then outspread at nght angles to the body 

If in the embryo of the fish Ajrgyropclecus the tendency to growth 
m length had been a htde less, and the mam direction of dorso-ventral 
growth were no,t quite at nght angles to the mam direction of growth 
in length, it would have devdopedmto apassableimitation of another 
kind of ^ (Fig. 41) No doubt such slight alterations m growth are 
at the bottom of much evolutionary change 

How do these more fundamental structures and functions originate 
to provide the primal basis to be shaped by the secondary moulding 
forces we have described ’ Although much is still not dear, yet the 
main outfancs of ffic answcT emerge when we look at the next 


previous stage ofdevdopment, the stage of differentiation 
This starts during gastrulation (Plate 5), and ends as the vanous 
organs become capable of functionmg Its great characteristic is the 
sudden appearance, m the hitherto compaiativdy simple germ, of 
a number of chemically different regions, each one of which is 
destined to generate one particular kmd of organ. What is more, 
this will usually be accomplished whether the devdoping organ 
rudiment is m its proper rdation to the rest of the organism 
l£ the late gastruk is cut m two so as to separate firont from hm 
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region, each part (after healing the wound) will proceed to develop 
just diose organs which it would have done if the embryo had been 
left mtacL We are presented with an anterior half^mbryo without 
any of the hmder organs, and a postsnor half embryo with tad, hmd 
hmb buds, and most of the trunk, but no head regions, gdls or heart 
There is, m ftct, m this stage no regeneration whatever of missmg 
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Pic 42 To show die efiectofthedoml-lzp region ofdie amphibian embryo 
in mduoi^ development 1 An embryo which duxmg its gastnilation has 
had gta&ed mto its flank, a dotsal-hp region firom another embryo. It has 
developed its own head (antenor), and nerve-tube with somites (nght), 
etc In addition, a secondary set of mam organs has been mduced m it by the 
graft Of these, tail, nerve-tube and somites are visible, ear-vesides were also 
formed, but not the front of the head 2 Microscopiml section through this 
embryo fr med, nerve-tube ofthe host, with noto^ord below it sec med, 
nerve^be mduced by the graft i, sec eab, left mduced ear veside 


parts, yet, m spite of this, both halves appear quite healthy, and only 
begm to degenerate at a stage when the organs should be beginning 
to work and the animal to fend ft>r itself Or a piece of one embryo 
may be grafted on to another embryo, even of a difterent speaes, and 
both wiU contmue to develop (Plate 13 (u) } One actual **dumera’* 
has been artiftaally produced consisting of die ftont half of one ki ud 
of ftog and the postenor half of another, which grew and metamor- 
phosed quite happily 

Or if a small part of the future brain region be cut outjust after the 
gastrula stage, and grafted m agamin reversed position, it will produce 
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wliat It would have produced m an untoudied embryo, althoughnow 
of cotirse the organs to which it gives nse will be misplaced The eye, 
for instance, which is formed by an outgjrowth 6 : 0 m the bram (Plate 
10 ), may by diis means be made to devdop bdbind the ear, and yet 
have normal structure. This will happen m spite of the fact that no 
visible trace of even the earliest eye rudiment was present when the 
operation was performed. 

Before gastndation, on the other hand, no suchirreversible changes, 
inevitably determining the future appearance of organs, have yet 
set in. 

Cuttmg the developing egg inhalfm the earhest stages has a totally 
different result from cuttmg it m half after gastiulation has set m In 
the former case, as we have seen, one or both halves may become 
reorganized mto a whole, and produce an embryo normal m every 
respect save size. 

One very remarkable feet has recently been discovered, namely, 
that the sudden change that takes place in a few hours durmg gastrula- 
tion m an animal like a frog or newt, durmg which the germ loses its 
capaaty for regulation and becomes a sort ofjig-saw of separate parts, 
each predetermmed to produce just one particular organ of die future 
tadpole, occurs under the influence of onesmallregipn of the embryo 
This IS the regionjust above the dorsal hp of the blMtopore By mgem- 
ous microscopic operations, even tiny bits of a newt's egg can be 
removed and graft^into other places on the same or odier embryos 
If this dorsal-hp region be taken and grafted mto the flank region of 
another devdopmg egg, it is found to cause the devdopment of an 
extra set of organs, m addition to the one produced m rdauon to the 
host egg's own dorsal hp. Extra nerve-tube, notochord, musde 
segments, kidney tubes, and gut may be thus induced to form— m 
other words, the begmnhigs of a whole second embryo "What is 
more, they are not formed by the grafted piece itsdf, but m the host 
tissues near it. Again, we are reminded ofMother Carey in Emgsley s 
Water Babies, who “made thmgs make themsdves ” No other region 
has this power, and so the tide of “organizer” has been bestowe 
upon the dorsal-hp zone (Bg. 42). , 

It IS mterestmg to recall that a amilar sort of power was exer^ y 

the head of a Plananan m mduemg the formation of a mouth an 
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Fig 43 Fiee-swunmmg larvae of tlie top-mumow {Rmiulus heterodttus) 
(a) Normal larva, vadi antenorly placed mouth, m (b) Incompletely 
cydopean larva, vvith the two eyes jomed and occnpymg the position usually 
taken by the mouth (c) Completely cydopean lam, with smgle antero- 
median eye, dorsal aspect (d) Lateral aqiect of same^ showing the ventral 
mouth m (e) Ventral a^ect of same; ys, yolk sac (From Stockaid ) 
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ph'arynx (p 255) Another 6ct is that the dorsal-hp region at this 
period IS Ae most actively workmg part of the embryo, with very 
rapid cell division. It seems probable diat this great activity has some- 
thing to do with Its organizing apaaty 
Other mterestmg results, also apparently concerned with differ- 
ences of activity m different parts of the d^dopmg egg, have been 
obtamed with still earher stages. For instance, if fishes’ eggs or frogs’ 


magnesium or hthiom chlonde (or of many other substances in 
damaging concentrations) very cunous results may be obtamed The 
firont end of the animal, between the eyes, does not develop properly, 
or sometimes is not formed at all As a result the eyes are dose 
together, or joined up to form one eye, as was fabled of the Cydops, 
or are even absent altogether The rest of the animal develops almost 
normally (Fig 43). 

Conversely, if eggs are put during the same penod m dbe nght 
concentration of stunulating substances, such as atropm, caffem, etc , 
more or less the converse result is found. The whole embryo develops 
more rapidly than normal, but the excess rapidity is greatest at the 
front end, and embryos are produced with abnormally large heads 
and eyes (Fig. 44) 

Something of the same sort may also be effected by keepmg frogs’ 
eggs between plates at different temperatnres. When the yolk-cells, 
wMdi are gomg to give rise to the belly region, are heated, and die 
animal pole-cdls, which give nse to die head, are cooled, die tadpole 
which hatches out has a shgbdy small head and la^e abdomen, while 
preasdy the opposite efiect is produced if the tempcratute^dicnt 


through the egg is reversed 

All theseresidts appear to depend upon thefitet diat the ammal pole- 
cells are more active physiologically than the yolk-cdls, which arc 
hampered by their stores of inert yolk, and the activity grades dotra 
from one pole of the egg to the other. The more active cells arc both 
more susceptible to bannful agenaes— hence their frilurc to work 
properly m MgCI, solutions, etc., but diey can respond better am 
'quicker to favourable agenaes than the 1 cm aettve yolk-cdls Itlw 
as if we shall have to attack these very early stages if we want to obtam 
any marked degree of control over the processes of devdopment- 


1 
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F[6 44 Acceleration of development in the embryo of a 6^(Macnpodus) by 
means of eaposute to atropm sulphate &c one and three-quarter houn Airit^g 
early segmentation (a) Control, devdopmg m no rmal conditions (b) Treated 
specunen Note the much greater size of die head Its heart-beat was also more 

rapid (After Gowanloch ) 
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Our knowledge of these hist two penods can be summed up dius. 
Although the penod up till early gastrulation is of course an essential 
link in the developmental chain, no unportant steps m the constrac- 
don of the details of the animal's typical organization are being taken 
so long as it lasts The onginal oimparatively sunple orgamzation of 
the zygote is not much altered, and the most essential change is the 
cutting up of the huge and unwieldy smgle cell, the tehzed ovum, 
into hundreds of small cells In the first place, these are & more 
mechami^y convenient, just as a hundredweight of bncks is smtable 
building material, while a smgjie giant bnck weighing a hundred- 
weight would be useless. And then each is a rdktively mdependent 
umt, with Its own cell membrane as fironder, so that it is much easier 
to localize a number of separate thoaucal processes m difierent parts 
of an embryo divided up mto cells than it would be to localize them 
if the embryo were all one large cell, m die same sort of way that die 
possession of a number of small pots and pans mak es easier the task of 
preparmg an elaborate dumer. 

To choose another paradlel firom human afiairs for die second and 
third phases of development, we might say that the second corres- 
ponds to the discovery and mvention ofnewprocesses, ncwmachmes, 
new products, while the third cxirresponch to the growdi of the 
mdusttics based on these discoveries, a growth which is regulated by 
the laws of supply and demand, by die customs and laws of the 
country, and by the state of world afiairs, but can only take place 
once the new mventions have been made 

In conclusion, it is worth mentiomng that every cell of the body 
appears to receive the same complement of chromosomes, theongmal 
set possessed by the fertilized ^g bemg exaedy dupheated at each cell 
division, so that each cell has a “copy” of it This at first si^t se^ 
to make differentiation hard to understand, but perhaps a mutical 
analogy will make it clearer. The performance of a piece of pianoforte 
music demands a pianoforte But we might have a hundred idcnticm 
pianos m a row, from each of which would be emanatmg a wholly 
dififerent piece of music: that would depend upon the players 

For the pieces of music substitute the different organs of the embryo , 
then the pianos are the chromosome sets and the players are repre- 
‘sented by the difierent conditions m different regions For mstance, 
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at the dose of segmentadou some cdls are small and poor in yolk, 
those at the opposite end are large and yolky, some are at die sur&ce, 
others todred away in the mtenor; and die diflbrences between dijSfer- 
ent parts are increased ader gastmladon. 

Jn. animals progressive devdopment generally comes to a dose 
widi the attainment of the adult condidon. In man. However, this 
need not be so in respect of one character. Mental development may 
contmue; m otHer words, die contents of die mind may increase and 
its orgamzadon become more complex and more per&ct, so long as 
matunty conomies and senihty Has not set m. 

Of course dns is by no means always very marked, and equally of 
course sometHing of the same kmd is seen m tHe HigHer vertebrates 
wHicHcanprofitby^enence SuttHeextentofdiepossibledevdop- 
meat open to man is none the less very striking. One of die ddd* 
biological diderences between man and all other organisms is that, 
through his power of dunkmg and learning, his devdopment and 
diSrentiation can contmue through the whole of li&. 
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THE METHODS OF EVOLUTION 
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I N THE LAST few chapters we have begun to learn something of 
the extraordinary complexity of our bodies What appear as the 
simplest of actions are often dependent upon a dehcacy of mechanism 
not to be found m our man-made machines, while many human 
faculties could never exist without the foundation of a whole senes 


of carefully adjusted hving processes Human thought is only possible 
withm narrow limits of temperature Our brains will only work even 
approximately well withm a range of about 3“ or 4“ centigrade, and 
to keep the blood at constant temperature requires the elaborate 
machmery, which we have already discussed, ofsweatglands, dilating 
and contractmg blood-vessels, and their nerve supply Or again, 
merely to pick up a pencil from the floor or a encket ball from the 
grass requues first of all an exact judgment of distance, wbch means 
a connexion and co-ordination between the bram processes mvolvcd 
in sight and the judging of seen objects, and diose mvolved m the 
sense of muscular movement and judgments of muscular movement, 
and secondly, the co-operation of a large number of separate muscles 
m body, arm and fingers, each of which has to be made to contract 
or relax just so much, no more and no less, by nerve impulses of just 
the right number and frequency 
How IS It possible that this complcaty can have come mto bemg^ 
At the outset we must remember that it does come mto bemg in 


every one of us durmg the first few years of our hfe Each one of us 
started as a formless germ with hardly any differentiation— no separ- 
ate organs or tissues, no sense organs, no brain, no capaaty for regu- 
lating Its temperature, for movmg firom place to place, for thought 
Something (and a great deal too) had to be formed out of next to 
nothing before we were ready to be bom. Even after birth we had 
to learn to do a great many thmgs that we take for granted, such as 
judgmg the shape of thmgs from sight or even from touch,* leammg 

*The vdl-known expenment of crossmg the index and 
penal, a pdlet of bread, or the bp of the nose, when between their of 

Shows that the judgment of sohditp fljorn touch depends latgelp upon ^ 
sensationstomiffeccntmgions-Hnichasfin^^ Inmahingjudgniettte thatal ^B^W 

we are doing something stall more elabotate. The shape of the visual imag^ and 
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to control our muscles accurately Have you ever watched a baby 
making bad shots for its mouth, or at some bnght object m &ont of 
11^ learning to walk, to speak^ A new-born baby is even more helpless 
m many ways than it seems Its bram cells and fibres are not fully 
devdoped, and it is not for some weeks that it is even capable of 
beginning to learn many types of lessons The power ofthe centres in 
the cerebral cortex to combme the raw matenals provided by die 
sense m proper relation is well seen m the foUowmg experiment. A 
man was provided with mvertmg lenses, so that he saw everything 
upside down By weaimg them all day for a week or so, however, he 
gradually came to make the nght assoaations qmte unconsaously 
between the mverted vision and his bodily movements It is m a 
smular way that the baby must learn to associate its visual and tactile 
and muscular sense impressions, fi>r diey are all equally arbitrary, and 
only by association can the relation between them be wodred out by 
thebrairu 

There has thus been real evolution m the mdividual development 
of every human being and higher animal or plant— an evolution that 
is accessible to everybody’s observation 

The odier evolution, that of one speaes out of another, one whole 
type of ammal life fiom a lower type, cannot generally be observed 
in this direct way If the evolution ofthe mdividual is as easy to watch 
as the movements ofthe second hand of a watdi, that ofthe race is as 
impossible of direct detecuon as the movement of the hour banrl, 

Various &cts, however, as we have already pomted ou^ malfB it 
unpossible to get on without assuming diat racial evolution has 
occurred, and further, when we examme fossils at huge mtervals of 
tune, we find that change has taken place. In just the same way the 
undetectable movements of the hour hand are made visible if we note 
Its position only at half-hourly mtervals, and the fir slower geo- 
graphical movements, such as the erosion of the Norfolk ch£, or the 
buildmg out ofD ungeness mto the sea, can also be detected if measure- 
ments are taken only at mtervals of a few years Occasionally, how- 
ever, we can trace the actual evolution of one speaes out of another 
m the fo ssils which they have left behind m the rocks. 


to be associated mthmemanes of the feel of sunflar objects prenonslrsBen. A man who hadbeea 
blind fram b>^ sranld ha\e, like a baby, to learn to see things solid. 
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However, even if we can be sure that evolution has occurred, that 
our own bodies and minds are derived by slow descent fiom those of 
ape-like aeatures, those firom lower mammals, those again ti:om 
reptdes, amphibians, some form offish, and so back tdl at ^ remote 
start we had traced our pedigree back to a smgle-celled creature-^ 
however certam we can be of the ^ts, our certamty gives us no 
answer to the question ofhow the fiu:ts came to be so— the machinery 
by which evolution works 

There have been several mam theories as to the method of evolu- 
tion The first is called the Lamarckian, after its author, the French 



Rg 45. To show mtergiadmgvamtionm seventeen ensbngfonns of 

the fieshwater snail Pdbtdma, W vanous locahties. 
would be regarded as distmct species if tiicy were not co ty * 
complete senes of intennediata forms Similar gradud vanaMn is 
often found dunng geological dfce (Lull. Orgmu Evolution. 1922 } 
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n&turalist Lamarck (1744-1829), the second the method of Natural 
Sdection, first clearly set fi>rth by Charles Darwm (1809-1882). 

The first assumes that changes produced during the life of the mdi- 
vidual, whether by direct efiect of the external environment^ or by 
voluntary or involuntary use and disuse of its organs, are mhented; 
and that these mhented changes aammukte in the course of genera- 
tions so as to become fixed Characters acquired m this way during 
life are usually ca]ledi7C{Miredclt^<icterr,orsoinetiznes simply modtjica- 
tions. If, fbrinstance,atamesea-gull is fedoncominstead offish, the 
whole lining ofits stomach alters, b&xmung thicker andmore like that 
ofseed-eatmgbirds Or, s^a]n,thepropersortofexerciseactually causes 
muscles to become larger. In hard trammg, although at first a man’s 
weight will go down, because the £at gets used up as fuel, yet after- 
wards his weight will go up again, this tune owmg to the building of 
new muscle tissue. 

The Lamardaan theory would have it that the efiects of changes 
like these are perpetuated m the ofipnng, thus the direct action of 
external conditions, or, as we usually say, of the animal’s environ- 
ment, would be one chief cause of evolution, and the habits and will 
of the arntnal the Other chief cause 

However, there is htde or no evidence for the theory, and a great 
deal against it We will take a paruculady striking example fiom 
botany. Many plants grow bothhighi^ among mountams and down 
in the plains and valleys. Those which grow higher up must exist m 
lower temperature, longer wmter, more violent weather, poorer soil 
As a result, they grow mto a shape qmte unlike that of the lowland 
vanety The danddion, for instance, when growing m the Alps 
(Fig. 46) IS a dense rosette of small leaves, a long root, and a short 
flower stalk, m the lowlands, as we all know, its stalk may be 
Its leaves large and spreading, its root (though too long for the 
gardener) much shorter 

If dandelions fiom the Alps are taken down and grown in the 
plain, all thar new growth is oflovdand typ^ and m a Sort tune they 
become mdistmgmshable fiom lowland dandplirmys^ -while exacdy 
the reverse is true of lowland plants transplanted to the Alps The 
same is true when seeds of the Alpine tj'pe are sown m the plamc and 
vice versa The time spent in an Alpine environment has not 




Pig 46 Modifications in the dandelion (Leontodon) produced by differences 
jn the envucHunent (p) Lowland form, finm ndi Imd. (m) Result of growth 
jn high alpine sunoundmgs, on the same scale (u') The same, more highly 

magnified 
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in the shghtest degree filially fixed the Alpine habit of growth. 

This can be readily understood If we suppose that the dandehon 
has a fixed constitution which, however, reacts differently to different 
CTiymal arcmnstances; it has, that is to say, a fixed capaaty of bemg 
modified in special ways This is obviously true for sunple chenucal 
substances One particular sort of paraffin, for instance, melts at, say 
61®, another at 62® centigrade. Keep the former m one environment 
— bdow 61®— and it stays sohd; keep it above 62®, and it stays hquid 
But you will not make it raise its mdtmg point however long you 
keep it md.ted The two will continue to show their characteristic 
modifications m rdktion to heat— then or^;mal mdtmg pomts— as 
long as you like to keep them To take another example, this tune 
from the aniTnal kingdom, attempts have been made to explain the 
black colour of the negro as the accumulated effect of generations of 
sunburn. It is of course true thatmost white menm a tropical dimate 
become sunburnt,* the strong sunhght has a direct effect in causmg 
more pigment to form in the skin. But anybody can verify for them- 
selves the fiict that the children of men .tanned m this way are not 
noticeably less white than those of parents who have never left 
England 

What does this imply? Surely, that European and negro have differ- 
ent consnmtions as regards don colour. The European stays pale m 
temperate countries, darkens m the tropics But the negro is black 
wherever he hves We can go back to our previous comparison; we 
can think of two grades of paraffin, one melting at 65® centigrade, the 
other at 40" centigrade Thefi[rst,ifkq>tmtheshade,willremamsohd 
throughout the summer m any region of the earth, but the other, 
though It would stay sohd m an Engluh summer, would be hqmd in 
the tropics (see also Bg. 47). 

This mterpretation would deaiiy leave no room for the Lamarckian 
theory, and, as tune has gone on, more and more of the pvamplf^ tliaf 
the Lamarckians daimed as proving their pomt have been shown to 
be ei^hcable m some such way as this 

The further difficulty remains that we are ignorant: as to hoto 
the mhentauce of acquired characters could be brought about 

* Alilani^ same very dear stanmd peoplt^ liks eettaia Scandmavuui^ only get xed end 
inflamed. 

M S T — K 
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Every animal, as we Iia.ve seen, consists of a number of organs con- 
cerned with the workmg of the mdividual, together with die repro- 
ductive cells whose pimiary function is the perpetuation of the race. 
To the first, taken together, the term soma (the Greek for body) is 
apphed, while the second is called the germ-plasm. The soma is of 
necessity mortal, while the germ-plasm is potentially immortal, and 



Fig 47. Diagiam to lUustiate the effects of differences m 
envuomnent and in constitution upon differences in visible 
characters of organisms (a) Plants, all of sinular hereditary 
constitution, grovn under uniform conditions of enviion- 
snent result, sunilanty (b) Plants of vanous hereditary 
constitution grown under sunilar conditions of environ- 
ment result, diversity, dueto mutation or torecombination 
(c) Plants, all of similar hereditary constitution, grown 
under vanous conditions of environment: result, diversity, 
due to modification 


IS the contmuous chain on which the individuals of the race are stnmg 
(Fig 48). All acquired characters— that is to say, all characters which 
Ae Tjtnarckian dieory supposes to be accumulated m evolution— are 
somatic; they aflfect the soma,Buthow is a change m the soma to alter 
the germ-plasm? And even if it did, how is it to alter it in such a way 
that when the new soma of the opting is produced, it shall show a 
change of the same sort? As Wosmann, the well-known German 
zoologist of the late nmeteenth century, put it, we might equally well 
suppose that a message sent ofFby td^am in Pans would arrive in 
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Pekin already automatically translated mto the Chmese language. 

Takmg it all m all, it seems probable that Lamardaan evolution, or 
the iTibpntflticp- of any sort of acquired character, has played at most a 
mmnr and insignificant part in the actual evolution of animals and 
plants 

That this IS so is lucky for humamty. For, it is undoubted, and even 
obvious, that mosthumanbemgs Mfir short of reachmg the standard 
ftitbpr of body or of mind to which then inherent constitution could 



Fig 48 Diagtam to illustrate tbe relation between body (soma) and geim- 
plasm m successive generations Only the germ-plasm, represented by a 
succession of dmdmg germ cells, is contmuous &om one generation to the 
next (blade line with arrow) Smgle mdividuals are represented by ovals, 
containing somatic cdls (white curdes), all of which die, and germ cells (blade 
cirdes), some of whidi produce the noct generation The son is therefore not 
descended from his Other’s body (soma), but both Other’s soma and son are 
descended fiom a common ancestor in the diape of die fertilized egg which 

grew mto the &ther 

devdop if It was made the best of fiidier through their own &ult, or 
dirough the &ult of a bad euvnonmeut, m the shape of poverty, ‘ 
slums, monotonous life, unhealthy work, or unhappy fiunily circum- 
stances, they are m some way or another under-developed If this 
under-development were inheritable, the majonty of the race would 
be undergoing a steady degeneration. As it is, however, a good stock 
m a bad environment contmues to produce potentially normal and 
healthy children, that only want good surro undings to unfold their 
possibihues. 

The second great theory of the method of evolution is rhat of 
Natural Sdecdon. 

Darwm himself saw it fiirced upon him as the necessary conse- 
quence of the folio wmg fiicts of biology: — 

1 The feet of heredity. All organisms tend to resemble their 
parents. 

2 The feet of variation No two organisms are exactly alike Thus 



of pioportions, cobur, nuoabec of feathers in the tail, etc , vrhschhave 

been product by selection from the single ongmal stock of the 'wild Rock 

Dove {Cohmha Itm) 
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therescmblancebetweenpareiitandofipiuigisnotaljsolate Further, 

some vanations at least are mhentable 
3 All organisms produce more offspring than can survive. If all, 
or even half the young, even of the slowest-breeding knownanimal, 
the dephant, were to come to maturity and themsdves reproduce, the 
whole globe would m a limited tune become packed with elephants.’*' 
While what would happen if all the milhon or two eggs of every sea 
urchin to maturity baffles itnaginari oni Thus, among the indi- 

viduals of every speaes, there is of necessity a struggle for existence — 
not necessarily a consaous struggle but none the less a real competi- 
tion m effect. 

The conrUision to be drawn is this— that those individuals which 
possess variations helping them in the struggle will on the whole sur- 
vive, while those which have varied m the opposite direction will on 
the whole be killed off Those that survive reproduce the race, 

and by the operation of heredity, their offlpring will tend to resem- 
ble them— m other words, wiU tend to possess the same fflvourable 
variations This process Darwm called Natural Selection. 

Natural Sdection may thus be compared to a sifbng of the mdi- 
viduals of a race, a siEbng which results m the race commg to consist 
only of sudi mdividuals as are best adapted to their environment. 

Darwm dmched his argument by pomtmg to the effects of artificial 
sdection Look, he said m efi&ct, at the different breed of dogs, of 
pigeons (Fig. 49), of hones, the different kmds of vegetables, com or 
frmt A Shetland pony, a race-horse, and a cart-hone, eidubit much 
greater pomts ofdifiference than do many naturalspeaes Ifazoologist 
who by some acadent had never seen a dog were shown a greyhound, 
a pug, a mastiff, and a dachshund, he would probably dassify them in 
different genera Yet they, as wdl as the types of hones and all the 
other breeds of domestic animals, have been produced by sdection, 
the breeder keeping such anirngU as ramp nearest his idpgl, rgecting 
the othen and not allowing them to reproduce If artificial sdertint; 
can produce such results m the short period covered by history of 
man, Natural Sdecuon, argued Darwm, m the vast periods of 


• Dannn calculated that each pair of dephants nomially produced about six }ooiig during 
Its breeding penod, from thirty to ninety }eaxs old. If tins rate of xqiroduction continued, then 
m 500 years a single pair nould ba\e fifteen million living descendants Ihe problem is, of course 
one m simple geometncal progression ' 
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geological time could produce all the diversities seen m the animal 
and plant kingdoms. 

Another form of* selection, which as Darwin saw, must operate 
among the higher forms of ammals, is (hat which is called sexual 
sdection. Just as natural selection is the immediate outcome of the 
struggle for existence, so sexual selection is the result of the struggle 
for reproduction. 'Where, as m all higher animals, reproduction is 
sexual, any advantage in finding a mate will give an evolutionary 
advan;^e, since the more successful animal will leave more descend- 
ants, who will on the average inhent the same guahties which ensured 



Fig 50 “Mutual courtship,” as illustrated by the acstcd grebe (Pod/apJ 
cnstatus). la the bieedbug season, both male and female develop the chestnut 
black crests and black “car tufb ” These are absent m winter. Right, the 
roTnmnnggt fiirm of display, m whidi the birds, widi erected necks and partly 
^read rufis, shake their brads x^ratediy at each other Left, a display less 
ficqucndy seen, m which the buds, afira diving and fetching nest material 
(water weed) fiom the bottom, swim at each other, and leap up to meet 
each other breast to breast, with fully spread ruffi 

thdr parent's success. Ihus, while in Natural Selection the siftmg 
twprlianism cousists almost exclusively of the morgauic environment 
together with the actions of the animal's organic compctitois, in 
sexual selection it consists largely of the mmd of the oppoate sex of 
the same species. In other cases, however, the males fi^t for the 
females, and here strengtii, skill, vigour and protective and offennve 
weapons will he the decisive fectors Characters ongma^ m 
way are illustrated by die antlers of deer, the canine teeth of horses, 
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the spurs of male game buds, the mane of the hon, or the enormous 
size of the males m many seals. 

However, the more interestmg qualides developed by sexual sdeo' 
ti on are those which have had to go through the sieve of die mate’s 
mint! As we should expect, the characters most encouraged by this 
means will be diose which most readily please, stimulate, or exate the 
mintlj especially on its emotional side And, as a matter of &ct, they 
are just such chuacters. brilliant colours like those of male pheasants, 
oftm combmed with stnkmg patterns and structures, as m the tram 
of the peacock; wonderM ceremomes or dances such as that of the 
grebe (Bg 50) or the Argus pheasant (Plate 16), in which bright or 
beauuM plumes are shown offin a startling or unusual way, or again, 
pleasant scents, such as those emitted from special scales by male 
"blue” butterflies, or actually sprayed over the frmale by the male, as 
mthe African butterfly Amuris; or gifrs offood, as are made by some 
spiders and insects; or the instmct to construct regular "art galleries” 
such as are made by the bowerbirds of Australia; or love songs, hke 
those of grasshoppers or song birds, or even speaal vibrations, like 
thosemdulgedin%numerous males among theweb-spinning spiders 
(a very necessary precaution, since if they did not vibrate the female’s 
web m a special way, diflerent from diat produced by the struggles 
of captured prey, the female would m all probabihty kill her suitor 
before realiaug her mistake). 

One thing is mterestmg On the whole, the characters that have 
been evolved through sexual selection are either pleasmg or mterest- 
mg to us, showing that m general wherever there is a mind at work. 
It IS pleased and stimulated by the same kmds of things that please and 
stunulate our mmds. Often, it is true, the details of the dispky charao- 
ter seem grotesque or even unpleasant to us, but tius is genoaUy due 
to some incongruousness 

Characters like these are usually devdoped only m the the 

sdecnon being exercised by the mmd of the females in such cases, 
selection will be most effective where polygamy prevails, as m blade- 
game, smee there the favoured male may leave a very large number 
of young, the unsuccessful males leaving none at all In other cases, 
however, notably m buds m which botii sexes share the of 
sitting on the eggs and looking after the young, and there is thus a 
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real £umly ]i&, die stunoktioii and the selection is mutual, and 
adornments are evolved in both sexes. In sudh case^ the ceremonies 
and dances connected with display appear to have taken on an addi- 
tional function, namely, of providmg an “emotional bond” wbch 
helps to keep the family together &r the good of the speaes. 

any case, the evolution of sex, the final ousting of all other forms 
of reproduction by sexual reproduction, follow^ by the develop-' 
ment of bram and mmd to a high levd at which emotions count m 
deteiinining behaviour, made the operation of sexual selection mevit- 
able; and this m its turn determined the evolution of a very great deal 
of the beauty and mterest of the higher forms of li& 
Lamaiddsmmthe broad senseimphesadirect action ofthe environ- 
ment upon the constitution of dK race The Sdection Theory, it will 
be seen, only demands an indirect mfiuence of the environment, but 
m both cases the environmoit plays a great part m guiding the dtreo 
non of evolution. 

A third theory of evolutionhas been advanced, called Orthogenesis, 
or devdopment in straight lines, hi its strict sense, this view imphes 
t hat evolution proceeds m any particular direction, not because of any 
advantage gamed by the race, nor because of any direct moulding 
efiect of the surroundings, but because of some inner urge, some 
necessity for the hereditary constitution to change mjust that particu- 
lar way. However, many of the pomts adduced m fevour of the theory 
»iim out not to support one theory ofthe method of evolution more 
than another, but to be merdy statements effect — of the very inter- 
esting feet that evolution does often (as in die horses, for instance) 
pursue a slow and straight-hne course In these cases, the ® 
Natural Sdection -will serve equally wdl to account for 

withoutourhavmgrecoursctoanynewpnnaple On the other hand, 

s oTUfi very puzzling cases are known. For instance, the great group o 

ammomtes,adivision ofmoUuscs related to the cutdefishmdnautuiB, 

and now all extinct, were very abundant in the scconda^ peno . 
Many of them, towards the dose of their hey-day, not ^y efrotvw 
alone straight lines, but along hues which seem to be doommg e 

evolving race to eventual extinction It is difficult to account for tos 

m terms ofatherLamarddsm or of Natural Selection. 

the range of possible vanations is limited by the particular hereditary 
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constitution* no insect can, it appears, ever develop bone, no verte> 
btate can produce a compound eye. This implies a limited form of 
Orthogenesis, and perhaps in certam cases the restncbons imposed by 
the nature of the constitution are greater. In any case. Orthogenesis 
can never be more than a subsidiary method of evolution 

Smce Darwm's tune, knowledge has increased m many -ways, and 
has compdkd us to revise or re-state some of his condunons. For 
instance, we now know much more about heredity, about the vvay 
m whidi organisms tend to resemble their parents ^p.l56 seq ). We 
also know much more about variatioii. 

Some variations turn out not to be inheritable at all We have 
already considered some under the head of acquired diaracters; and, 
as a matter of &ct, a great many, perhaps the majority of die minute 
differences which distmguish mdividuds are of this sort In general, 
these non-hentable variations are called modijicaitons. Opposed to 
diem are variations which can be inhentecL These are called mutadoiis 
They may be very stnkmg, as m the case of the Ancon breed of she^ 
mentioned by Darwm, whereasmgleunusualtamsuddenly appeared 
m a strain of ordinary sheep. This ram had short crooked 1^ and a 
long back hke a turnspit dog. It transmitted its characters to its off- 
sprmg, and from it a whole new breed of sheep was produced, die 
value of die breed being that owing to its inh^ted pecuhaiides it 
could not jump over fences Or mutations may be so smajj that they 
are masked by the efiect of modifications and are only to be d et ected 
by special experiments. A good example is given by the weights of 
bean seeds, a problem worked out by he Danish botanist Johannseii. 

If a number of bean plants arc grown and thei r seeds weighed, the 
weights will range wi^y— firom about 200 to 900 Tnilligrairni in this 
paxUculaz ei^enment The seech of any dngle plant, however, will 
have a much narrower range of weight Further, the ranges of weight 
for the seeds of dii^rent plants may ovedap, e.g , those of one ranging 
fi^om 200 to 650, of another fixim 400 to 900 Tmlligrams If the se ed s of 
one particular plant arc saved, and grown separately, they will pro- 
duce plants each of which will have the saine range of seed weight as 
did Its parent * This range of wdght will be the same whether the 

•Beans reprodnee by settfertflizaaon. Thaprocess conbnued te a number of generatiiais results 
mtbeorpmsmbeiiigpnrethomosygousjforalltheMenddjanfectoisitcaines SnebabomozyEOus 
noatisknomasa^ureline All beaas,Uieiefaie, unless aitifiaallyaossed,beiIang to pure lines. 
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Fig 51 I(Atos},n7e|>uteluiesofbean5 Allbeaas 
of a given size are put in a single tube, tubes con- 
tainingbeans ofthesamesizeaie verticallYover each 
other Pure line c had the lai^est average size of 
bean, b the smallest Below (a-b), die result of 
nuxmg the five samples A, b, c, d, b II, mutation 
in a pure line Above, the range of bean-nze 
(fiequency curve) from one particular pure line 
Below, two new strains, of difierent average size, 
which arose suddenly from it on difierent occasions 
and bred true. 

bean wbch gave nse to the plant was ligh^ medium or heavy Con- 
veisdy, however, two beans of the same weight, which have come 
from two plants with different ranges of seed weight, will produce 
plants giving different ranges of seed weight in iheir turn It is dear 
that there are in eiostence a number of hereditary variations or muta- 
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dons affecting seed weight. Plants possessing one of these will have 
seeds not of a definite and constant weight, but varying again (this 
tune by modification) betweenfixedhmits The amount of the modi- 
fication, however, does not afi^ die hereditary constitution, and the 
range of wa^t remains constant ffom generation to generadon. The 
average weight for each stiam (under given condidons) is fixed by 
heredity; but the differences m weight withm die beans of one sttam 
are due to envnomnent— to the plant being m better or poorer soils, 
to the bean being at the base or the dp of the pod, the pod at the base 
or the dp of an upper or a lower branch, and so on ^g. 51). 

If selecdon for we^t of seed were to be made among a large 
mixed lot of beans, and only those plants which had beans above a 
certam weight were used for breeding, we should get a rapid mcrease 
of average seed weight m the popukdon. This would be because all 
thestrains with low average weight, not bemg allowed to r^roduce, 
would be e lim in a ted altogether. Afiier a few generadons, however, 
selecdon wouldnolongerproduceany effect upondieavetage weight. 
The reason of this would be that we were now dealing only with the 
steam with highest average weight, all the rest havmg been sdected 
out, and ea(h single stram breeds tnm to its average wi^ther we select 
Its heaviest or its hghtest beans firom which to br^ Further progress 
could only be made if a new mutadon were to crop up (as mi ght 
quite possibly happen, and as did happen durmg one of Johannsen’s 
experiments) m the direcdon of greater seed weight. 

Recent breeding experiments have shown that new mutadons are 
contmually aoppmg up m all sorts of animals and plants, both wild 
and domesdcatcd. For instance, m a speaes of the lit^ ficuit-fly 
Drosophila, the Amencan zoologist Morgan has discovered over 400 
new mutadons, all of which have started fi:om pedigree stock m the 
laboratory and all of which are inheritable Some of these mvolve very 
small changes only, such as a shght difference m eye colour, while 
others, such as a mutadon which makes the flies almost win^ess and 
mcapable of flight, are fiir reaching m dieir effects Any one mutatio n 
may, it appears, influence any structure or fimedon of the body m any 
direcdon. 

Darwm’s statement concerning vananon must dierefore be put m 
a new form It should run thus — ^All animals vary continually and in 
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, every part. A great deal of tbs vamdon IS due to modification ^esal^• 
ing fixim di£eiences in environment, and is not inherited. Inheritahle 
mutations, however, also occur wbch a£Sbct every part, b any given 
speaes a great number of these mutadons are already m existence, and 
new ones are regularly arising. 

Natural Selection, therebre, h a selecdon of mutations, large or 
small. At present we know very hide as to why or how mutations 
originate. That is one of the greatest tasks before bology m the 
immediate future But the that they do ongmate is sufSaent to 
make evolution by Natural Selection possible and mtelligible * 

b tbs way, by the constant kilhng-o£r of more organisms with 
disadvantageous mutations, and the survival of more organisms with 
advantageous mutations, change wiU occur m the direction of better 
adaptation. 

It must never be forgotten that a very shght advantage will m the 
course of generations come to preponderate. If £ot example, at the 
be ginning of a glacial epoch, when the dimate were growing slowly 
colder, a mutation occurred m a particular kmd of beetle such that it 
gave a 1 per cent advantage to its possessor— m other words that on 
the average 100 individuals with dje new character survived, but only 
ninety-nine without it, suppose further that the new mutation and 
the old ccmdition were simple Mendehan allelomorphs 159); and 
that the new mutations were dominant; suppose further that the 
mutadon existed b 1 per cent pf the population. Then it can be calcu- 
lated that after less than 500 generations, half thepopuladon will show 
the new character, and that m 1658 generations (not a long period m 
evohitionaiy history) 99 per cent ^ show it Somewhat di&fcnt 
but essendally similar figures will apply to recessive characters. 

That selection does takeplacemnature is known by many observa- 
tions To take a simple mstance, after a severe storm, an American 

naturabtcollectedatiumberofsparrowswbchwerelymgeidiausted 


• The aatter is not quite so simple as It appears at first 

■IM laboratory seem to inake the 


of the mutations found to occur in the labiMtory i 

. « A x.e ~ - * 


its surroundings end often to be detoteiy to lidy to throw 

will usually be those with large and stnkmg etots. md « do not throw the 
the animal's organization out of gear Mutaboos of small amoun ^ ^ fimr me 



extension of our hnouledge m die near future 
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on the ground. Some of these recovered, the rest died. The vdngs of 
those diatrecovered were nearer the average for the spedes, the wings 
of those that died were on the averse either much larger or much 
smaller than the normal 

The theory of Natural Selection, m the shghdy altered modem 
form that we have stated, is becoming more and more firmly sup- 
ported by evidence as time goes on, and there can be now htde doubt 
that It has been the most important agency m bringmg about adaptive 
and progressive evolutionary changes 



CHA7TSR ELBVEN 


THE GENERAL PROCESSES 
OF EVOLUTION 

AS WE BAVE already seen, one of the most important properties 
/i o f animals andplants IS adaptation to their conditions of existence. 
Of this obvious but most fundamental pomt, it will be as wdl to give 
a £sw examples from widely diferent groups of animals Ends and 
mammals both possess a constant temperature which is ordinarily 
well above that of their surroundings They should, therefore, be 
equipped with an arrangement £ot preventing too rapid loss of heat; 
and t^ is provided by the feathen m one case, the hairs m the other 
Swmmung birds, almost without exception, are web-footed or 
lobe-footed (Fig. 52). Thejacana, which seeb its food on the floating 
leaves of water plants, has enormous toes which distnbute its weight 
as do skis or snow-shoes on the thm crust of snow Lideed,in general 
the feet of birds are remarkably wdl adapted to the hfe which their 
owners lead (Fig. 52) The egg-eating snake, Dasypdus, possesses a 
special mechmism by which it can temporarily dislocate its jaws to 
swallow an egg whole In adchtion, one of its neck vertebrae bears 
a downwardly directed spme which protrudes into the gullet, and is 
used to crack the egg where none of ife contents will be wasted The 
larvae of crabs hve near the surfl«« of the sea, and are provided with 
long spines which maeasc fiiction and make them less ready to sink 
(Plate 17 (i) ) But the most striking examples are those known as 
convergence, where a similar mode of hfe produces similar efi^ts on 
quite unrelated animals. For instance, it is advantageous for many 
ommaU to bc invisible against thar surroundmgs, cither to escape 
their enemies or to appro^ their prey unobserved. And we find that 
in polar latitudes many animals are white, at any rate in “ 
deserts many are sandy, m undergrowth many arc blotched md 
streaked so as to break up their outhne, and harmonize with the 

tangle (Plates 17-19, and Figs 53, 54) 

OthOT, again, escape then enemies by mimicry, as it is 
resemblmg otha ani^ which are dangerous or distMtefiA '^us 
wasps, which advertise then stmg by then bright black and yellow 
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Fig 52 Adaptatioa of stractuze to mode of life as illustxated by 
die fi^t of vanous birds 1, Shag (webbed for SMdmming), 2, crow 
(petdung, gtaspu^), 3, ptarmigan (tumung, "stodang” of 
feathers for warmth), 4, wild jan^e fowl (walking, scratching, 
spur for fightio^), 5, coot Qobate for swimmmg), 6, jacana (toes 
dongated for walking on floating leaves), 7, sea eagjle (taptonal 
for killing and holdup pzGy). 

pattern, are imitated (of course quite unconsciously) by alarge num- 
ber of different sorts of pei&cdy barmless insects both as r^ards 
pattern and body form Ants may be mimidced by many other 
insects (Plates 18 (u), 19, and Figs. 53, 54). 

Another type of convergence concerns ^pe Every oneis fiuhiliai 
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With the typical fish shape—die stream hnw of the body, permitting 
of rapid motion in water. When other vertebrates have taken to the 
sea, they too have evolved mto a similar shape, as is seen m the 
Ichthyosaum, a group of reptile, and the whales and poipoises, a 
group of mammals. 



Rg 53 Views (upper, fiom tiie sade, lower, from above) of four species of 
plant bugs {Mmhraada) to show protective resemblance and mimicry In all 
cases the resemblance is effected by tbe pronotum (upper part of die first 
segment of the thorax) and head. From left to right 1, Umbma Spinosot 
resemblmg a diom, 2, Damu lateralis^ resembling a grass seed, 3, Heteronotus 
mgnmSf xesembhcg an ant, 4, Oeda mfiata, resemblmg m colour and diape 
die orange cocoon of a Syntonid modi, whidi bdongs to a fiihily charao 
tenzed by nauseous taste. (In the view fi:om above, die pins on which die 
insects ate stuck ate visible ) (After a photograph by A Robmson) 



Fig 54 Side view ofa plant bug (Mmliniodie) 
mmuckmg an ant {see atso Fig 53) Note die 
outgrowth fixim the dorsal side of the first 
segment of die thorax which gives the resem- 
blance to the ant and covers the insect’s real 
body completdy 

This adaptation of every part of an organism to its role, of every 
whole organism to its mode of hfe, is umversaL It is indeed the direct 
and most obvious^outcome of Natural Selection 
But there is another fiict, of perhaps greater importance, which 
must be taken mto account, and that is die existence of higher and 
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lower types of oi^amsms. "Within a few square yards we may have 
themanmahouse, the dog in the yard, die worm m a flower-bed, the 
flsh (probably a goldfish) m a pool in the garden, and the amoeba also 
in the pool, or ma water-butt. 'They are living dose together, but 

their eflective environments are amasdngly dii^rent m extent. Most 
of the happenmgs to which the amoeba responds accurately take place 
widun a r^us of a milhmetre or so, when stimuli like light or vibra- 
tion aflect It, It has no means of discovering anydung about die 
fiishinri* or the kind of source firom which they come, but responds 
simply to hght or to vibration as such. The total range of environ- 
ment which the hydra could conceive of would be a few centimettes 
each way. The worm is a htde larger, but still widiout any special 
sense organs; it can distinguish hghtfiom darkness, but cannot see the 
shape or colour or distance of anything, it can tdl when the earth is 
vibratmg, but cannot m any true sense hear, because it cannot dis- 
tinguish tones; it cannot begin to control the environment in the 
same sort of way as man controls it, because it is not even in contact 
with most of diat environment, locked away from die happenings of 
the outer world m a wmdowless existence which is almost incompre- 
hensible to us who ace provided widi effident sense organs. The fish 
can see images, but its vision of anything outside the water is very 
lixmted owing to the water sucfece, which, if it is roug^ prevents 
vision aaoss it. In addition, it is of course confined to water, and so, 
m this case, to a htde pool ofa few feet radius The dog can see, can 
hear and smell very well, and can roam over the surfiice of the earth. 
Its environment as perceived by its senses is as extensive as that per- 
ceived by man’s senses, but it cannot understand it in the same way. 
For instance, we can be pretty sure that no dog could ever come to 
understand the diflerence in distance between a dond, the moon, the 
sun, and the stars la addition, its brain rannot makg the samp r pa^ninfd 
relations between its sense impressions as can man. Abliongb it can 
and does learn, it can only learn m an immtelhgfnt way, wialntig 
assoaations as they come It does not appear capable of thinVing ja 
abstract terms of cause and efi&ct. Its environment must sem} bodi 
mote limited and more chaotic tl«an the man’s The if he 

die trouble to be mterested m the environment m which he hves, 

It a very marvellous one. He can get infonnadon, by tnKin^ of a 
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microscope, of invisible things under his nose, be can also obtain 
information, by spectroscope and telescope and mathematical calcu- 
lation, about die composition, sure and speed of stars hundreds of 
bght years avray. He can know by letter and newspaper what others 
are dhinkmg and domg, through history he can enlarge his past & 
beyond the hmits of his smgle lifetune, and he can make prophecies, 
sometimes (like those of echpses and comets) of perfect accuracy, 
concerning the future. Also he can relate the difi^ent parts of his 
envnonment to each other and to general prmaples. His environ- 
ment is enormously greater, both in space and tune, than the dog's— 
let alone the amoeba’s; and it is mudi more mtelhgible. 

In addition, the six organisms are of very di&rent sizes and degrees 
of complication Amoeba consists of one cell, hydra several thousand, 
the worm many hundreds of thousands, a man milhons of milhons. 
There are many more kinds of cells in man, dog or fish, than in hydra 
or even worm As we ascend the senes, we find even greater inde- 
pendence of external forces. Amoeba and hydra are at die mercy of 
floods, currents, droughts. A worm is hunted to a very small section 
of the soil. A fish IS wide rangmg, and can change its abode at the 
onset of unfiivourable circumstances, but is confined to v/ater The 
dog can range on land, and, finally, man is at home m every latitude, 
and has mastered sea and air as well as earth. 

When we look carefully mto the matter, we can see that here, too, 
the difierences between membeis of the series can be thought of ui 
relation to the environment but m a much more general way than is 
the case with special adaptations. Usuig the word environment to 
denote the whole series of events and processes with whidi life can 
come mto contact, and not merely the particular environment of one 


particular organism, we can say that some a n i m als have more coutoi 
over the environment than oiers, and are more independent of it. 

The savage is more at the mercy ofthe elements than is avihzcd mm; 

avihzationisleammgto control floods md droughts, to make a path- 
way of commumcation of the same sea which to the savage is m 
impassable barrier, ^hc dog m its turn is not able to cm&vate the 
ground or to kill such van^ game as the savage The m cm « 
fer fewer different movements thm the dog, md is much less a 

profitby experience. Theearth-wormunotonlywithoutspe^ 
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organs of locomotion, but also lades aU organs of speaal sense. 

So &r as mdependence goes, it is wdl to remember that amoeba and 
hydra are bathed, over the whole of thdr absorptive sur&ce, by the 
water m which they hve, and that accordingly any changes m the 


composition of that water act immediately upon the vital processes of 
die animals In addition, they do not possess any mechanism for regu> 
latmg their temperature, and so must hve slow or &st accordmg as 
then surroundmgs are cold or hot In man or any Tnamwiftl or bird, 
both the temperature and the chemical composition of die flmd which 


is m contact with all the cells of du body are, as we have seen, kept 
constant with an extraordinary degree of accuracy, and speaal devices 
exist for preventmg dianges m du outer world foom exerting then 
foil effect upon die vital processes of die body. 

In brief, we may say that high and low organisms can be dis« 
tmguished by the degree of then control over and their mdepen- 
dence of environment This difference mmdcpendence and control is 
reflected m then structure and then capaaty for sdf*regulation and, 
m the mental sphere, by the degree of ^owledge of die outer world 
which then sense organs and brains pemut, and m all probability by 
the mtensity of then emotions 


From what we know about evolution it is dear that the highest 
organisms have developed latest in famp This we can actually see 
happemi^ as we trace back the history of life m the fossds, it is a 
probabihty which amounts for all practical purposes to certamty that 
the converse is true, and that although the early stages of the earth’s 
history as written m the rocks and fossils are now imdfnp h era bl e ^ yet 
that the fost forms m which life appeared were low organisms 
At the begi nning , then, there were only low organisms, today diere 
exist all gradations between the highest organisms and the lowest, as 
we shall see later, undoubtedly many organisms have dpgpnpr3t^>»d 
dunng evolution fixim a higher to a lower condition. If we look back 
into die history of fossils, and investigate what forms of life were 
present before and after die devdopment of some new high type, such 
as man or the m a mmal s, we shall almost always find that the new 
type has simply been added to the previously existing types. For 
mstance, the reptiles were the dominantlandammals m theSecondary 
penod, before die devdopment of the higher or placental mammals, 
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Fig 55. Diagram of the mam geological periods Ihe figinw f ’ 

the approximate maximum thidmess of the sedimentary ro^ law 
each pLod Die total thickness since the beginiiing of the 

about36miles Ihemcmons indicate the penods when various 

systems were formed— Eurasiatic on the left, ^ rf-t 

dominant forms of animal life are mdicated on the nght, it ^ 

highly complex forms (Tnlobites) had already been evolved m th 
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when these were evolved, just before the begmnii]^ of the tertiary 
penod, althniig h they speedily became dominant on land, and 
althou^ many speaes and even whole sub-groups of rqitiles were 
extinguished, yet the reptihan type as a whole did not perish &om off 
die face of the earth, but continued to exist as well as the mammals 
In the same way, although the advent of man sealed the death warrant 
of a great many speaes of other mammals, reduced the total number 
of lower rfifttnmals very considerably, and deposed them from thdr 
previous dominant position, yet lower mammals still exist in abun- 
dance, and will undoubtedly continue to do so. 

Thus we cannot say that evolutum consists sunply in the develop- 
ment of higher from lower forms of life; it consists in raismg the 
upper level of organization reached by hvmg matter, while still per- 
mitting thelower types of organization to survive. This general direc- 
tion to be found m evolution, this gradual rise in the upper level of 
control and mdependence to be observed m hvmg things with the 
passage of tune, may be called evoluttonary or hwlogical process. It is 
obviously of great importance, and can be seen, on reflection, to be 
another necessary consequence of the struggle for onstence. 

This improvement has been brought about m two main ways, 
which we may call aggregation and mdiviiuation. Indzvidoation is 
the improvement of the separate umt, as seen, fl>r example, m the 
senes Hy dra--£arth-worm-->Frog--Man Aggregation is thejoinmg 
together of a number of separate units to form a super-umt, as whoi 
coral polyps mute to form a colony. This is oflen followed by division 
of labour among the vanous umts, which of course is the beginnmg 
of mdmduation for the super-umt, die turning of a mere aggregate 
mto an individual (See Table pp. 296-7). 

Let us take as an obvious example ofbiological progress die coloni- 
zation ofihe land by vertebrates As amatter of verifiable fact, thesea 
was already peopled with highly devdoped fish before the first 
amphibians appeared on land hi other words, while there existed 
great competition among vertebrates m die sea, this competition did 
not as yet exist on the Imd. Clearly, then, it would be a biological 
advantage to any speaes if it were to vary m such a way as to maln^ 
It able to hve on land, for then imchccked multiplication would be 
possible for it, and it would have fewer enemies Variations m this 
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direction would thus tend to be preserved; m other words, this par- 
ticular step in biological progress would be &voured. 

As a matter of &ct the step is a very large one, and progress was 
inevitably slow. The Ampbbia did not arrive at a complete solution 
of the problem of leading a terrestrial existence. Their skin is moist, 
they are usually conAned to wet places even m their adult existence, 
and the earher part of their life is almost mvanably spent actually in 
water, in die shape of a tadpole larva. 

With the evolution of the Amphibia the hinge of the dry land, the 
temtory between land and water, had been conquered, but not the 
dry land as a whole. Once agam, alter milhons of years during wbch 
the Amphibia were the highest vertebrate type, cvolvmg life was con- 
fronted with a situation m which a premium was placed upon a 
further advance: animals bom with hentable variations makmg it 
possible for them to hve hulher and more permanendy away from 
water would become heirs of a ndb unoccupied territory. Thus it 
was that the Ampbbia, after themselves aiismg from the €sh, m their 
turn gave origm to the reptdes 

In die same way, m the cononual struggle that is going on in mam- 
mals or birds between herbivore and carmvore, pursuer and pursued, 
each new advance in speed and size or strength m one party to the 
conflict, must call fordi a corresponding advance m the other, if it is 
, not to go under in the struggle and become extmct The stnkmg 
improvement m the rumung powers of the horse flunily dunng its 
evolution, evmced in mcrease of size, lengthenmg of the legs, reduc- 
tion m the number of (he digits, and development of a well-formed 


Ungulates, were accompamed by acorrcspondmgmcreascm thesize, 

speed and power of the group of Carnivora duimg die sanm geo- 
logical penods. Each was at the same tune the cause and the effect of 


the other 

Aprcoselysimilarstateofaffairsis often to be seeumthe evolution 

of the tools and weapons and machmes of man For instan^m naval 
history, the increase throughout the nineteendi centu^ of the rmgc 
and pierang power of projectiles on the one hand, of the c css 
and resistance of arm our plate on the other, provides a 
parallel with the simultaneous mcrease of speed and strengm m o 
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Fig 57. To illostiate die cvoluaon of the hone, fiom die Eocene penodtiU 
today. The earliest types are placed bdow The number of digits oabodilimbs 
IS dowly reduced, die mid^e digit is enlarged and q>eaalized as a hoof, the 
fbie-ann IS strengdiened by the fusion of radius and ulna, the ulna m its distal 
part disappearing, die hmd-hmb is strengthened by the disappearance of the 
fibula and corresponding enlargement of the tibia; the length of the tooth is 
increased; its gnnding sut&ce becomes more complex In addit ^ pi^ (Plate 1 
(u) ) dieie is an mcrease of size and change of propordons. 






300 ANIMAL BIOLOGY 

carnivores and their prey. In Nelson’s tune, the men-of-war were 
built of unsheathed wood, and the guns £red round iron balls, with 
a maiomuni range of a few hundred yards. Today, battleships carry 
15-inch guns which ding steel-capped and pomted projectile^ laden 
with high eicplosive, for a dozen miles or so, while the armour plating 
of heavily protected ships may now reach a thickness of a foot or 
even more of specially treated nickel steel. 

Durmg the mterval, progress has been steady and gradual m both 
departments of naval warfare, each advance in effiaency of guns 
being the stimulus for new invention m the methods of protection, 
and vice versa. 

It is when there is a general increase of the ammal’s powers of 
control that we speak of progress, when the increase is m one special 
particolar only, we speak of specialization. For instance, the horse is 
specialized for running, the mole for burrowing, the bat for flying, 
the whale for a marine h^ the hon for catching and devouring large 
animals, the sloth for hvmg m trees. Each of these animals is well 
adapted for its particular mode of life, but each is by that very 
adaptation quite cut off ffom leadmg the liih of any other During 
the late Secondary penod there eiosted similarly specialized types of 
ammals. For example, the Ostrich Dmosaur was adapted for running, 
die Ichthyosaur for life in the sea, die Tyrannosaur for preyii^ on 
large animals, the Pterodactyl for flight ®tid so on. But all the former 
list n f animals ar/» mammals , all the latter Were rcpoles Thcmammals 
ate iiighflr in that they possess proper temperature regulation, for 
instance, and better pre-natal care of dicu young, as well as m many 
other pomts. Thus, while the types of specuJization, or of adaptation 
to particular modes of life, are somewhat similar m the two cases, 
yet each member of the first group is higher than any member of dw 
second, because its general organization is on a more efficient level 

Whenever a new group of animals is evolved, it is found tkt its 
miMTihprs soon become specialized m different directions, thus filling 
up different vacant places m the economy ofNature This adaptation 
to different modes of life, while, as we have seen, we call it specializa- 
tion when we are thudong only of one species of animal, is caUe 
adaptive radiation when we are thinkmg of the group ® ® 

fish, for instance, breathe by gills, possess fins as limbs, and veo 
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diaractensucs in common, so that any member of tbe group can be 
at once recognized by a brief examination of its structure Yet the 
detailed form of difierent spedes offish is extremdy varied. Besides 
the ordinary type of active, fi:e&^wimming fish, like tbe bemng or 
trout or madrerd, there are fish flattened in adaptation to hfe on the 
bottom, some flattened sideways, like ike sole and pkice, otbers 
flattened from above downward, like tke flrates and rays, there are 
dongated fish like eels and pipe-fisb; diere are fish witk prehensile 
tails, like the sea-boise; there are the flying-fisb adapted for leaping 
long distances out of the water, motded fish of irregular outhne 
adapted for bving on rocks; deep-sea fish with wonderful phos- 
phorescent organs for searchl^hts and huge eyes for perceiving the 
&mtest trace of hght, cave-fish without eyes at all, sucker-fish adapted 
for stickmg tight to the underside of stones, or for being earned about 
by larger fish without ezpendmg any ene^ themsdves, and so on 
and so forth through almost every concdvable sort of form possible 
in an under-water emstence 

The examples previously mentioned give an idea of some of the 
adaptive radiation which has taken place m reptiles and in mammals, 
very sumkr instances could be taken finm any other large group, 
such, for instance, as the insects It is mteresting to take any such 
group and to see what part adaptive radiation has played m giving 
nse to the mam sub-groups into which it is divided (Figs. 58, 59). 

There is one particular form ofspecialization which we have not so 
fitrmentioned; and thatis the retrograde form of spedalizationknown 
as degeneration There are many cases known where animals can be 
definitely diown to be less highly organized today than were their 
ancestors in the past The animal known as Sacculina, for instance, is 
a parasite upon various sorts of crabs. It consists of a mere bag filled 
with htde dhe but reproductive cdls, and sending out a whole senes 
of branched roots which penetrate the crab’s body in all directions 
and suck nourishment out of it At first sight, the r^tionships of this 
unpleasant aeature are very difficult to determme But when its 
development is mvestigated, it is fiiund that it hatches out of the egg 
as a firee-swimmmg larva exactly like those found m many Crustacea 
It has jomted limbs, an external skeleton made of chitm, and in &ct 
bears all the distiTiginshing tnarlw that other Crustacea do, be they 
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crabs or lobsters or shrimps or water £eas. It is, m &ct, a crustacean 
which has become adapted to a parasitic hfe; and m so domg it has 
acquired special adaptations, sudi as the root-hke organs, specially 
suited to that hfe, while it has lost sense organs, limbs, digestive 
system, and everything else necessary for leadmg a free and indepen- 
dent existence It has lost more than it has gamed, its organization has 
become sunpler, its mdependence less; m &ct, it has gone down the 
evolutionary hill, and the direction of its history has been m most 
ways the opposite of the direction which characterizes biological 
progress (Fig. 1) 

Ihe form m which Saccuhna hatches out resembles m general 
many crustacean larva;, but it is particularly hke the early stages of the 
animals known as bamades £very one who has been to the seaside 
knows what an acorn bamade loob hke— a htde creature attached to 
rocks or piles, endosed in a white shell, and capable of sending out of 
a sht m the top of the shell a regular sweep-net composed of a number 
of “arms”— -really appendages— with which it drags mmute floating 
partides of food m towards its mouth 

Even m the adult state a bamade shows some resemblance to 
ordinary Crustacea, especially m its jomted limbs and chitinous 
i»Tn»ma1 skdeton, the early free-swimmmg larva chnches the matter 
and gives complete proof, as m the case of Saccuhna, of their austa- 
cean nature and affimties. The very dose resemblance of the larva of 
liflmarlpg to that of Saccuhna pomts to an especially dose connexion 
between the two sorts of amm^; and as a matter of feet, the two are 
undoubtedly descended feom a common stock 

The bamade is degenerate as well as the Saccuhna, but it is not so 
degenerate. It still, for instance, possesses organs for capturmg and 
digesting food On the other hand, it has lost its organs of spead 
sense and of locomotion. Further, it is not adapted to the same general 
mode of hfe as is Sacculina; it is not parasitic, but sedentary or sessile. 
This settlmg down and becommg fixed is the other great cauK, 
besides parasitism, of degeneration in animals; as would be ei^ccted, 
die degeneration due to a sedentary hfe is rardy so great as tot due 
to parasitism, since to sedentary animal does not obtam its fooci 
ready digest ed as do most parasites. . . 

Itmustnothe supposed totbecausc the general rule amongaminals 
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IS that time hrmgs change, that therefore time mvmahly brmgs 
change. The common lamp-shdl T.ingn1ft, for instance, has persisted 
without any appreaable change whatever m die structure of its shdl 
for the prodigious penod of time, certainly over five hundred million 
years, which has ^psed smce the Cambrian epoch in the Primary 
penod Even when mdividual speaes have changed, the general 
characters of groups have oftenpeisisted with very htdemodi&catioii, 
as, for instance, ^ose of dragon dies smce the coal-measures, of 
shark-hke fish since the Silurian. 

In some cases this may mean th^ fiir some unknown reason the 
speaes or the group has lost the power of varying to any considerable 
extent. More ofien, probably, it so admirably fills one particular 
mche m the order of thin^, and a mche which stays the same through- 
out the geological penods, that it pays &r the animal or the group of 
animals to stay as they are, leaving it to other groups or to other 
branches of die same group to colonize new mches and to progress 
towards fuller existence. 

To sum up, we may say that two main types of evolutionary 
change result m animals (and also, as a matter of &ct, m plants) jfiom 
the struggle for existence and the constant appearance of inheritable 
variations In the first place, once a new type or plan of structure has 
been evolved, it undergoes adaptive radiation; in other words, there 
are devdopedanumber of separate speaes allbuilt on the same general 
ground plan, but adapted to difieient and usually incompatible modes 
of life In the second place, new types and new plans are contmually 
appearing as tune goes on, and progress is marked by the j&ct that 
among the later-evolved types there is to be found greater com- 
plonty of organization, greater control and mdependence of 
environment, than among dm eadier. 

It might perhaps be thought that specialization was often the same 
thmg as progress. Specialization, however, imphes dose adaptation 
to one particular mode of life, while progress means greater general 
effiaency . If we look into the actual hmory of anitnaU m the past^ we 
find diat specialization m one direction involves the samfin^ of 
possible advance m odier directions, and is a barrier m the long run 
to any but a quite limited degree of progress. As a result of its long 
course of speaahzation, extending fi^r tms of millions of years 
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thiough die better part of the Tertiary epoch, a specialization all 
tending towards greater efficiency m running and browsing, the 
horse stock has, itseems, cut itself offihrom the possihihty of adapting 
Itself to other modes of hfe—to a life in 'the water or in the tires, or 
to a caimvorous habit There is a limit to the perfection whidi any 
line of specialization can attain While the horse was growing larger, 
developmg hoofi, reducmg the number of its digits, another and 
wholly dffi^rent type was being evolved in the person of man. If it 
were not that horses are useful to man, and are accordingly domes- 
ticated, they would now be wholly or almost wholly extinct The 
‘‘natural” enemies of the horse are the large carnivores. Ihese are 
built on the same general plan as the horse— the ma m mal i a n — and 
indeed are the results of the speoalization of the same plan in another 
direction Ths same limits are thus set to them as to the horse stock. 
Before the advent of man, a state of equihbnum existed between the 
horse and Its enemies, dielatternotable to destroy the former entirely, 
the first not able to escape the payment of some toll to the second. 

But the horse came up against the wholly new biological conditions 
introduced by the new type, man; it was in direct conflict with man s 
cunning and tools and his habit of hunting m bands; still more 
important, it had to compete with the mdirect effects of the new 
development, such as the setdement and cultivation and endosure of 

theland. Against all this the horse was powerless. It couldnot develop 

fiu: enough or fiist enough to adapt itself to such sudden changes, 

and as a result It is becoming extinct as a wild speacs. 

Over and over agam the same dung happens, and the speoal^d 
representative of the old type, plant or anunal, is extinguished m 
competition with the speaaW representative of the new. For tr^ 
like representatives of the horse-tail type, which existed m the 
Carboniferous penod, we bve seed-beanng trees today; for pter^ 
dactyls, birds and bats; for dmosaurs, the large mammals, for toe 
large early amphibians, the Stegocephaha, we have crocodiles; tor 
the abundance, bothmnumbers andmspeaes, of thelarpr mammals 
in the Phocene, we have the multifenous activities of the swarms o 

I 

ThenewtypeswmsalwaystokvBansoifinfflSomerampa®- 
ovdy m^eoalized branch of the oE and to kve att^ 
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eminence by means of adaptations towards general instead of towards 
special efficiency. Man bas ousted the other mammals &om their 
dommant position owmg to the development of his mmd Through 
his pamci^ type of mmd he is able to deal rationally with the 
problems that confront him; tools, madbmes, tradition, avilization, 
and unexampled control and mdependence have been the result. 
The human mind is not merely adapted for solving one or two parti- 
cular problems, it represents a method more effiaent than any 
previously adopted for dealmg with any and every problem that 
may con&ont an organism. 

Man*s body is not highly speaahzed, and he seems to have arisen, 
through a monkey-like ancestor, firom some unspeaalized early 
mammalian stock like the Insectivores. Nor did the early mammals 
show any signs of specialization All the fossil mammals tl»t we know 
of durmg the time when the great penod of reptihan dominance and 
speaahzation lasted were small, primitive creatures, at first sight not 
likely to wrest the palm fix>m their powerful nvals 

Very similar chams of events may be seen takmg place m the 
evolution of human machmes and mventions. Take, for example, the 
history of transport The most primitive method was the carrying 
of smgle loads by human bemgs or pack-animals After that came 
die mvention of vebdes m general and of wheeled vebdesm partic- 
ular. The wheded vebde became specialized (''adaptive radiation’') 
m innumerable ways We have the vrar dianot, the rapid vehide for 
passenger transport and for pleasure; the heavy wagon and cart; the 
van and pantedmicon, the four-m-hand mail coadies bowlmg daily 
at fixed hours along the mam roads of the land A limit vras set to the 
capaaty and die speed of such vebdes by the speed and strength of 
beasts of burden on the one hand, and by the imperfections of road 
surface on the other. 


At the begmnmg of last century a new type of vebde was evolved 
ffir wbeh these hmitations no longo: eidsted It was discovered how 
to replace the energy of animals by that of steam, and m lai^e part 
to overcome the difficulties of surface fiiction by making the wheds 
of the vebdes run on metal rails As a result, steam locomotives 
became for certam purposes the "dommant type” of vebde withm 
an extremely short penod of time. 


M S T< 
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Heie again tlie type itself has been improved, so that we have now 
some time been close to the limit of its possibihties. It does not 
seem possible to run a profitable service at speeds of much over sixty 
miles an hour. 

About half a century later a new plan was evolved. The mtemal 
combustion engine was produced, and gave certain great advantages, 
notably m being ready to start at once without the long preparation 
of “getting steam up.” It appears to be ihe fate of new types to lead 
aprecanous existence foraconsiderable tune before they can compete 
successfully with the dominant types of the penod. Ihis was so, as 
we saw, with the earh^t mammals, it was so for the steam engme, 
and It was so, to a very marked degree, fi>r die mtemal combustion 
engines. They were laughed at whm fheir mventots took them out 
on the roads, the law Imd down that th^y should be preceded by a 
man with a red fiag; the early defects m construction did actually 
occasion many a br«ikdown. But withm diirty years they came into 


dieirown. 

Meanwhile, still another competitor is m the field— the flying 
machine, a totally new type, abandoning not only the particular 
device of the wh^ but the whole element to which the whed was 
adapted It loob as if m certam respects, where speed is the mam 
ol^ect, the aeroplane would become the dominant type of vehicle, 
but that It would leave the major part of transport to be dealt with 
by tram and by motor. 

Another interestmg parallel with the evolution of organisms is 
fiiund m the fitct that although there has been progress, although the 
dominant type of vehicle has altered with ihic passage of tune, yet 
many representatives of the old types have survived They have 
managed to survive by becommg restricted to a few special conditions 
and places Pack-ammals, for instance, while once umvcisal, are now 
only employed m mountainous or roadless countries. The AmOTcan 
buggy IS still of the greatest use over the unmade roads whim are 
still to be found m so many parts of the Umted States m hoB^ 

drawn vehicle will long holdits ownmbusmessesm which not mi^ 

capital is available, and speed and great power are not of the 
importance. This survival of all or almost all die types that a^ m 
evolution, even though new types arise and supremacy gc® 
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hands, is of general occtuience m the development of animals and 
plants, and is at first sight very puzahng. However, the msight which 
is gained by looking, as we have don^ mto the evolution of something 
fitmihar and human like the means of locomotion, hdps os to under- 
stand the more complex and slower-movmg processes of organic 
evolution 

Another point whidi is brought out by the study of the devebp- 
ment of some human contrivance such as the means of transport, 
IS the great speed of change now possible m htiman affairs as against 
the slowness of change prevailing m lower organisms. Ihe whole 
penod firom the stage-coach to the aeroplane is comprised m wdll 
under two centuries The resulting change in human habits has been 
enormous; to produce comparable changes in the habits of an animal 
stock there would be needed a penod certainly to be reckoned m 
tens of thousands, possibly m millions of years. 

On the other hand, the evolution of marhinffQ is a perfecdy real 
evolution. Two different types of machmcs capable of paforming 
the same general fiincuon— such, for instance, as the motor lorry 
and the goods steam engine— do come mto a very real competition 
with each other, and the issue of die struggle is decided by a form of 
true natural sdecUon, dependmg m the long run upon which of the 
two pays die better Here agam the study of machines throws hght 
upon the course of events m animals It is often supposed that cvedu- 
don must mvolve some cousaous effort on the part of the evolving 
organism, that the struggle for adstence is a consaous struggle, or 
that a speaes m some mystenous way “learns” how to develop some 
new improvement m its structure 

As a matter of fact, almost the whole of such ideas are purdy 
metaphoncal, and arise simply because we read the processes of our 
own minds mto the operations of nature, it is not scientifically corre ct 
to speak, for instance, o£ purpose except m relation to human mintic 
We see at once that the m a chin es have no idea themselves of the 
direction of their evolution, that the “stnig^c” between them is only 
a metaphorical struggle, that the sdection between them is, so fer 
as they are concerned, a mere sifting process, the issue of which 
depends upon the advantages or disadvantages which they may 
happen to possess 
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It IS the same with orgamsms. If two races of animals come into 
competition, the issue is deadled by the quahties which each happens 
to possess'; “natural sdection” is a name for the effect exerted by all 
ihe forces of the environment with which they come into relation, 
an efiect which acts again like an automatic sieve, and lets some 
through to perpetuate diemselves, keeps back and so extinguidies 
others. The “struggle” and the “competition” are agam usually 
metaphoncal only For instance, when ^e common house sparrow 
was introduced mto America, it entered mto cornpetmon with many 
of the small sparro w-hke birds which had developed m that country. 
But the struggle did not take the form of a war between the mvader 
and the original inhabitants It vras an indirect struggle, due to the 
&ct that both hved upon the same sort of food, both occupied the 
same sort of sites The European sparrow happened to be endowed 
with qualities which gave it an advantage, and as a result it has spread 
enormously over the American continent, while many of the native 
birds have correspondingly decreased If we wish to use a human 
metaphor, we can say that its success has been the result of “peaceful 
penetration,” not of fighting 

The difference between machmes and organisms, of course, is that 
the machines are directly designed by man, whereas the place of the 
designer inanimalcvolutionis (roughly) taken by the variation which 
to be umversal m organisms It is variation whith provides 
the raw differences upon which the sieve of natural selection can 
work. Mention must also be made of the theories of evolution which 
are summed up under the term orAogenesis, which means evolution 
in straight lines. It is firequently found, as for instance in the devdop- 
of the horses or of the dephants, that evolution as revealed by 
fossils proceeds straight onward through geological time in a 
perfectly defimte direction— m the horses towards single toes and 
hoofi, m the dephants towards great bulk, tusks and tru^ OrfetH 
genesis is sometimes used merdy as a descnptive term, to denote mis 
observed feet of straight-lmc evolution. But by others it is used to 
mean that there exists some inner necessity for the evdutimiary line 
m question to devdop in just that one way and no otha. Itowever, 
a senes of fossils, even if beautifully complete, can rcalfy 

insi^tmtothemethodbywhichitscvolutionoccurred Whenever 
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the direction in which the senes is evolving is adaptive or seems 
biologically advantageous, the orthogenetic senes can be perfectly 
well e^lained by natural selection On the other hand, thore do most 
cases where at least no advantage can be perceived by us m the direc- 
tion pursued This is so, fer instance, as regards the ammomtes, the 
extinct cephalopod molluscs whidi died out near the end of the 
Secondary penod. Near the dose of their time on earth, they often 
evolved orthogenedcally into the most bizarre forms, their spiral 
shell becoming unwound, or irregular Possibly in such cases a real 
causal orthogenesis, an mwardly det ermine d mode of vanation, is 
at work But we are justified m saying that such cases, if they occur 
at all, are certainly rare ' 
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the results of evolution : 

THE ANIMAL KINGDOM 

I 


W E SEE THE diousands of difereat kmdk of animals that exists 
and are apt to become overwhelmed with the detail Each is 
mque, fiill of mteresting points; one type may be eiidxemely different 
from another. It looks at first s^ht as if we were dealing with frets 
m masses too great to be properly assimiUtftd . 

But, while the frets are m a sense infinite and our iinrlprgfandmg of 
tiiem must always remam incomplete, yet we can reduce die apparent 
chaos to order, can get some mental grip on it as a whole, by mpans 
of a firw general ideas and pnnaples which he ready to our 

For the present purpose the general principles are diree, all dqpend- 

ing upon the central idea of evolution. First, if evolution has talfwi 
place, some animals will be closer blood relations, some more distant, 
and by examuung likenesses and di^ences, we can obtain a measure 
of the relationship. By dassiiying animals according to their like- 
nesses mto groups of various sizes, we can put any particular ipeaes 
in a labdled pigeon-hole; so to speak, where it can always be found 
agam if it is wanted. What is more, smee such groups represent 
collections of refrted speaes, our method of pigeon-holing has reality 
behmd it, and we have a natural classifirptinn . 

Working on these Imes, zoologists classify the whole animal 
kingdom mto about a dozen num groups or Phy/a. The moscfrmiliar 
phylum IS that of the backboned animals, to which man belongs— 
the vertebrates, or more accuratdy Chordates— while the insects 
beloE^ to the group of animals with many-jomted limbs, the Arthro- 
pods; the jelly-fish to the group which possesses only one cavity to 
fulfil the function both of gut and body cavity, the Codenterates; 
and so fiirtL'Bach phylum is subdivided mto classes, the classes mto 
orders, and so down to families, genera, and speaes In this scheme 
every animal has two names, that of the genus commg first, and 
serving as a surname, that of the speaes Allowing, serving as a 
chnstian name This method of naming was mvented by Linnaeus, 

SI2 
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the great Swedish natuiahst of the eighteenth century. Before his 
tune, some animals were known only by die smgle foniihar name 
like cat or pig, whidi led to confusion between different kmds of 
cats or pigs, or, in an attempt to remedy this, by a regular description 
(just likft the long “name ** of the village m A^lesea which is really 
a descnption, and has been cut down by the practical post ofiBce to 
a real name, Tlatifeir P G ) We must give names for things before 
we can know what we are talking about, and lannaeus’s system of 
nanung animals and plants was a great step forward. 

hi way, then, when any speaes has been properly looked at 
and mvestigated, it can be put m its nght place in the scheme, and if 
we know certam essentials about the characters of the mam groups, 
we know a good deal about the sort of animal which the particular 
species is, and also about its relatives, their number and chief charac- 
tenstics. 

The second (as also the third} pimaple which will help m ordering 
the hicts, IS concerned not with the animal’s blood relationships, but 
with Its mterconnemons widi its environment. Animals may evolve, 
but then evolution must always bear a cdose relation to the forces 
around it The result of this is adaptation: animals (and, of course, 
plants too) always show some smtability to the particular conditions 
in which they live They also are fitted to die general conditions 
which characterize our particular planet The planet Jupiter is so 
much larger than the earth that the force of gravity on its surfoce is 
about 2 64 times as much as with us. If life could exist on its surfoce 
(which at present it probably could not) this difference m the force 
of gravity would have necessitated vanous speaal developments Any 
Jovian land animals would have to be of a very different type finm 
those on earth; creatures like hones or deer would be physical impos- 
sibihties, and great stumpy legs would be a necessity for existence 
As to aenal wmged animals, they might be whoUy impossible, m 
any case, none usmg any flying mechanism found atnmig the amal 
forms we know could reach more than a very small size 

Or agam, no known animal has any special sense organ for detect- 
mg X-rays, or any protection fixim X-rays, aldiou^ rays of this 
short wave-length are very harmful to life Why? For the simpV 
reason that X-rays do not exist m nature on the et^ We have not 
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Rg 60. A diagram of the probable rdatioaships of the main groups of the 

fltiimanfing/InTr, Some ofthe mam stqism evolutionary advance am mdiatcU 

at the side A dotted Ime leadmg to a group mdicates the position of the group 
IS doubtful Descendmg lines mdicate evolutionary degeneratton 
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Rc 61 A diagram of the probable tdationslups of the mam^ groups of the 
vertebrates {Chordata) Some of die mam stqis m evcdattouary’ advance axe 

mdicatedatthende. 
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even any sense organs for telling a live rail or wire from one along 
which no electnc current is passing, and many deaths occur eath 
year in consequence. Although very big alterations of the environ- 
ment are dbere all found the current we cannot perceive them because 
m nature electnc disturbances are either tnW m extent; or else 
occasional and uncontrollable like the hghtmng. 

The durd principle has already been touched on— htolo^ical progress. 
It is m a sense a special case of adaptation, but it is of importance since 
it enables us to thmk of higher and lower animals as well as mere 
relationship or speaal adaptation. 

We suppose then that life, startrc^ m some very sunple and prob- 
ably tmy form, has gradually evolved smce the day when it first 
appeared on earth, probably between one and three thousands of 
millMns of years. It has evolved into the huge number of spcaes— 
dose to a million— that are known today, as well as those, probably 
a fiir greater number, which have become extinct on the voyage 
through time. 

The fundamental charactetistics of life, its power of metabolism, 
assimilation and consequent growth and r^roduction, are found in 
all aeatures Their other characters, almost without exception, are 
the outward and visible sign of die mode of life they need, imposed 
upon them by the necessities of existence. 

With these mam ideas mmmd, we may turn to the actual animal 
kingdom as it exists today and m the record of fossil specie^ and see 
what we can make of It (Bgs 60,61). 

Nothing certam is known— probably nodung ever will be— about 
the form m which hvmg matter originally existed on earth. It is pretty 
dear, however, that die umts must have been small, and that one of 
the earliest types of organization evolved was what we may call dw 
cellular, m which the whole ammal or plant consisted of a single cell 
with a single nudeus. This fundament type, although with 
diversity of detail, is found in the great group of Protozoa, all of 
which are essentially smgle cells or qmte simple colomes of cdls 

Such a umt can never be much enlarged, for the simple reason that 

as Its mass— that which has to be fed and provided vnth 
mcreases as the cube of its radius, its surfece-through which its food 
a nd Its oxygen must come — mcreases only as die square If aProtozoan 
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should treble its diameter ■without changing its shape, it would have 
Its surfece by nine, but its bulk by twenty-seven— three ^ 
timps as much It is as if an island dependmg on imported food were 
to i TifTpasp the population to be fed 'widiout a correspondmg increase 



Fig 62 To illustrate (a) the complexity which may be 
attamed by unicdlular o^anisms, (b) parasitism in 
Protozoa The figures iqiiesent the Qliate Stylmydm 
mytilus infested with parasitic Acmetans Stylonydua 
possesses a special band of large aha beatmg towards 
the gullet, long stiff aha at the sides, and on die ventral 
sur&ce large, often bent, oigans consisting of several 
aha fused together, by means of whidi it creeps over 
the substratum P, parasitic Acmetans (Protozoa rdated 
to the Cihates) These multiply withm die host, 
and hberate small abated forms (c e ) for dispersal. 

(Mmdun, Introduction to the Study the Protozoa ) 

m docks, ports, and other import ^unhties Li spite of small size, 
however, some Protozoa attam very considerable complexity (Fig. 
62) 

Vanous methods for circumventing this limitation are found 
among Protozoa In some the body becomes elongated, m odiers 
partly divided mto a senes of chambers, m others agam, flattened and 
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nbbon-Iik^ the number of nudei m tbe ccU is often correspondmdy 
increased. But tbs never leads to any size wbch we could dimify 

as modcrate;-and few are tbe Protozoa wbch are visible to the 
naked eye. 

A gr^t number are parasitic, and some are the active of 
serious diseases, such as malaria, sleeping sidmess, and one kind of 
dysentery. Some are even parasitic upon odier Protozoa (Fig 62 ). 
Reproduction is by fission, usually, as m die cells of our own body, 
y equal fission, sometimes by multiple fission. In most speaes at 
cast, a form of sexual reproduction occurs at reg ular or irregular 
mt^. It IS interesting that in a number of cases the conjugating 
cells, instead of bemg sbrply distinguished mto male and femaV, as 
with the sperm and eggs of hi^er forms, are nearly or even wholly 

alike Thus, the Protozoa teach us that the essential dung about sexual , 
reproduction is not the existence of two sexes, but the tmifwi of two 
nudei mto one (Rg. 63 ). 

One of (he fects about Protozoa most curious at first sight is that 
m them natural death does not east, or at my rate only affects small 
parts of the body. When they divide, or when they undergo sexual 
fusion, nothmg is left wbch can be compared to a corpse, and the 
substance of the or^;uial mdividt^ becomes direcdy transformed 
mto two new mdividuals. The only death is arndfintal d eath, due to 
enemies or to bad conditions. Natural death has not yet appeared 
Increased size (up to a certab but very large limit) is obvioudy m 
many ways of biological advantage. A larger organism is less at the 
mercy of external agenaes, less liable to the atta^ of enemies It is 
only when bulk is very great diat senous disadvantages arise 
h^y bacteria arc so small that they still show “Browman move- 
ment”; m other words, their mass is so htde larger than that of a 
molecule that the random movements of the molecules of the liquid 
m wbch they live can batter them and throw them Bxim side to 


The force of surfoce tension is enough to catch and hold &t many 
small msects if they M on to still water, while no vertebrate has to 
face tbs mconvcmence. Or again, the ftstest-swimnung Protozoa, 
or the httle Crustacea called Copepods, or the larvae of crabs and 
lobsters, are powerless m the ocean currents wbch a herrmg or a 
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Fig 63 Structuie and life< 7 cle of a Protozoan (Copronmas) The animal is 
a cdl -with a smgle nucleus (N), and a long whip-la^ or flagdlum {tr ) with 
which It swims Food {fv)j5 taken in at the moudi (at ) mto the gullet {(ph ) 
and comes to he m die protoplasm of the cdl B, C, D, asexual miiltiphcation 
by simple fission In B, the nucleus is dividing, m C, the body has begun to 
divide, m D, division is just completed 2-8, sexual fusion. Two similar mdi- 
viduals become attached (2) and behave as gametes, fusing their cdl bodies 
(3-6) and nudei (7) to fistm a smgle cdl or zygote After passmg through a 
restmg stage (7) ^ emerges (8) and grows up to the non^ form {A) once 
more Sometimes, as at V, the zygote does not pass through die restmg stage, 
at other tunes a normal mdividual passes direcdy mto a restu^ stage (A-?) 

widiout sexual fiision 
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mackerel breasts with ease, the elephant or the deer crashes 
through saplings each of which is a world to hundreds of small 
creatures. 


A method adopted by many Protozoa fcr reaping some of the 



Fig 64 A Protozoan Colony, witliout division of labour The a n i m al 
Codostga belongs to the Choanodagellates, a group ofHagcUatesmwhich 
a transparent collar of protoplasm surrounds die flageDum The same 
arrangementis&tmdindiecdlsoftheinnerlayerofspoi^ Ibecolony 
IS formed through the fioloie of die daughter individuals to become 



advantages of size without the necessity for enlarging the mdividual 
cells IS the formation of colomes. When fixed, diese can produce 
strong feedmg currents by the umted action of all their cells, and can 
raise themselves on a common stalk beyond die competitioii of the 
common herd of non-colomal umcellular ammals and plants on die 
surfiice of the same stick or stone, while, when firee^wummng, diey 
can develop greater speed (Fig 64) 

Sometimes a division of labour is found betvireen different indi- 
viduals of the colony, some servmg for locomofton and feeding, 
others solely for reproduction When this is so, it is really hard to say 
whether the colony is to be considered as a simple colony, a mere 
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aggregate; or as itself indivi<lual--a compound individual of a 
Cerent grade £:om the smgle cells which compose it (Fig. 65). 

Although the actual hnlcs are missmg, there can he htde doubt 
that all higher animals arose from Protozoa in this kind of way— by 
the aggr^tLon of a number of into a colony, followed by a 
division of labour m the colony, first 
between reproductive ceUs and the 
others, whidb now ment die name of 
somatic or body*cells, and finally, by a 
fiirther division of labour among the 
somatic cells mto two layers, the outer 
protective and the inner nutritive. 

This particular step m evolution 
seems to have been taken twice over 
by di^ent animals , leading on m one 
case to the sponges, in the other to the 
whole of the rest of the animal king- 
dom. 

Sponges are almost umque among 
animals for they have no mouth 
They feed, as do so many of the 
smaller aquatic creatures, on miao- 
scopic particles of food extracted fiom 
a current which the animal passes 
diroi^ Its body In a sponge the cur- 

^ismdadmtkoBgliagratMm- 65 AcolomdPwtowoi, 
uer 01 microscopic pores, and shot out Ztootiumttiwnt, m which dim- 
at a smgle large opemng, the oscuUm sum of labour has taken place, 
^g 66). Feeding is done by the bell- 

The cells that mglce the current are ^pcd individuals, while the 

ofa^andiMeratmgtypifomid ”■ 

nowhere elseexceptmonesmallgroup 

of Protozoa They each have a smgle acuvdy beating flagellum, and 
ace called collar cdls because this is surrounded by a dehcate, hving, 
transparent fiinnel or collar, which seems to hdp entangle food 
partides (Bg. 64). 

£adi of the collar cells feeds separatdy from all the others; there 
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IS no proper digestive cavity, no common function of digestion for 
the whole animal In this the sponges betray bow btde (bey have 
advanced jSrom a mere colony of separate cell umts. The products of 
digestion di^e out fixim the collar cells to other parts of the sponge, 
or may be transported by special wandering cells 

No sponges possess any sense organs or nerves, and the only move- 
ments they can execute are slow closures and openings of the osculum 
and pores As might (berdbre be expected, they are all permanendy 
fixed to the bottom tbroughout aduljt h& Thor cbaractenstic fiirm 
IS mamtamed by a skeleton of spicules or fibres. Our bath sponges, 
like many other species, are colonial, composed of a large number of 
sponge bodies Aggregated together This can be seen fiom the &ct 
that they possess many oscula instead of only one. 

Ihe sponges thus represent an early side-hne m evolution, along 
which hfe never devdoped 6r. They are often put in a group 
Parazoa, as distinguished firom the true Metazoa or all the rest of the 
many-celled animals 

In the evolution of the Metazoa one of the earliest "mventtons” 
must have been that of a mouth leading into a pmmrive digestive 
cavity. This enabled Metazoa to tackle relatively large anim als and 
p]ante as prey, whereas a spongy, by its whole construction, can never 
above miaoscopic partides— aftmg the water for the sake of its 


rise 


debris as men sift rubbish heaps for the few usefiil objects they may 


contain. 
Metazoa, too, 


only later arriving at the emancipation of a firee-svnmmmg existeace 
Their simplest rqirescntatives are ah put m the phylum Coelenterate 
A prmutive codcuterate is essentially a small hag or tube, its wam 
of two sheets of ceUs. It is fixed at one end, and has a mourn, 
surrounded by tentades, at tiie other. The mouth leads mto a cavity 
called the codenteron, because it fulfils the functions both of the 

codom and oftheeuteron or gut of higher forms 

Such a type is illustrated m the common freshwater polyp tlyora, 
which catches water-fleas and such-like (rdativdy) ^ ^ 

droops from a water plant with hanging net of 

Theprcyishddandpatalyscdbyastrangedevia AHover Je y, 
andespeciallyonthetentades,atcnumbersof threadcells, capa 
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when stimukted of throwing out n hollow barbed thread containing 
poison. These thread cells occur throughout the group; in some of the 
lai^er speaes, such as large jelly-fish, they can inflict unpleasant 
damage on man, and even those 
of a sea-anemone can pierce our 
skm and make it tmgle (Fig 67) 

In yet another respect even the 
lowest coelenterates are more ad- 
vanced than the sponges, they, 
have muscles all along the body, 
so that the whole animal and not 
only isolated parts can be ex- 
panded or contracted These mus- 
cles, however, are (at least, m the 
lower coelenterates) of a very 
pnimtive nature, smce they are 
only the inner ends of the epi- 
thenal cells forming the chief bulk 
of die two layers of the animal. 

Division of labour has not gone 
so fiu: as m higher forms the same 
cell contracts with one part of 
itself, protects or digests widi the 
rest So a village shop often per- AyoungCalcareoussponge 

fonns post ofcfimcoonsm one 

part, grocery funenons m another, djsdiai^ed wbidb is taken in at the 
and stationery funenonsm a third, numerous pores, ji long rod- 
while m a tovim there will be hkeq>iculcs,servinginainlyforpro- 
separate shops for each fimenon. ^ mi^ thrc^iaycd 

Most, if not dl. of tho group 

^ 'or and serving mainly for support The 

possess nerves, and at least scat- ammal is permanendy fixed by the 
tered sense organs for perceiving end opposite die osculom The 

animal grows largely by the addi- 
tion of thimble-shaped outgrowdis, 
die flagellated cbambeis, the fine 
row of whuh IS seen m the centre of 
the body (Cmbndge Natural Hts~ 
tory, Vol 1, 1906 ) 



touch stimuh 
The most important contnbit- 
non made by coelenterates to 
evolunon was perhaps the first 
emanapanon of Metazoa ftom a 
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£xed esdstence on tlie bottom or attached to water plants or floatmg 
objects to become &:ee^wimmmg. 

Imagioe a polyp like Hydra turned upside-down, thejeUy between 
the two cell layers much thickened, and the region between mouth 
and tentacles pulled out This would give a idea of die way m 
which a typical ftee-swimming cod^terate is constructed. Sudi 




Rg 67. (a) A portion ofatentadeofHydra, magnified, 

diowing a number of stinging capsula (nematocysts) 
containfcd withm the ccUs (thread cells) which have . 
formed them From these cells project trigger hain, cl, 
vdiose stunulation probably causes the disdiaige of the 
thread coiled up witbm the stmgmg capsule The central 
cavity of the tentacle, which commumcates with the 
cavity of the body, is seen, and the two layc^ 

cdls,endodcmandcctoderm,wbichsurtoundit (B)The 

aquaUclarvaofaninsectafterbemgcapturedbyaHyda 

It IS stuck all over with stmgmg capsules Their tods 

have been discharged mto the animal’s tissues, and to 
basal barbs are seen (Hcgner, ItUniuctm to Zoology, 
1910) 
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animals aie called Medusc, or jelly-fish (Fig. 69). While the smallest 
are microscopic, many are over a fisot across, and a &w are much 
larger still (up to nearly 8 £cct m Cyanea) and must weigh at least 
half a ton. 

In spite of then size, however, their swimming is of a rudimentary 



Fig 68 Diagram ofthe nerve-net m a Hydtoid Polyp Theduckblack 
lines represent the outer and mnermazginsoftbe body wall Tbenerve- 
net IS figured m sur&ce view over one tentade (on the right), the base of 
the mouth, and the mam part of die body and stalk Note the absence of 
any central nervous system, but die greater concentration of die net m the 
more sensitive mouth r^on The black dots on the nerve-net arebodies 
of nerve^ells The hemispherical black bodies m the tentades ate netde 

cells 

kmd They are never swimmmg anywhere in particular, but drift 
near the surface of the sea, all their muscular energy is devoted to 
preventing themselves fiomsinking Almosttheonlymovementthey 
can execute is the sunple contraction of the bell, more strongly or less 
strongly according to curcumstances Accordingly, they have no need 
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Rg 69. A Hydtoid Polyp (^gmytllea), (a) A small colony, natural sae 
Note the Ioo^'l]ke stolons actmg as hold-^sts (b) Apoction of a colony, magnt* 
* fied, showing nutnbve individuals or hydrandbs {hyd ) and «pyi ial fiee-^wun- 
sUing individuals or meduss {tned,) in various stages of formation. Hie mdi- 
^^uals are all joined to a common stem, duougb the whole of which runs a 
f®®^mon cavity (ent cav ), the colony is supported and protected by a rbm, 
^^^skeleton (oi ) (c) A medusa or jdly-fidi after being de*arJ 7 gd ftom the 
^ *1^*3*^ tsm the centre of the liandle>bke structure (ffln^) which 

downwards into the hollow of die swimming beD Four radiating 
A ^ ^ connect the stomach above the moudi widi a areolar canal 
‘ ' / 4 r P™ of tentacles is an eye spot (ar ) and a balanong 

organ, Tex&wktfZMh£y,l,1897) 
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of an nervous system As a matter of &ct, that which they 

and other codenterates possess is of a primitive type known as a 
nerve-net, in which the sense organs communicate with a network of 
nerve-ceUs branching all over the body, which in their turn communi- 
cate with the muscles. 





Eig 70 Thi.gtia»nmy oftheLiverFIuke {Distmumh^aticum). (A)D«es- 
five and nervous systems The gut (blade) is much branched The central 
nervous system consists of a pair of main lateral trunks arising &om a 
cerebralganghonfbrmingacollairoundthepharynz M,moutli.CG, 
cerebral ganghon KS, ventral sucker {n) Reproductive system. 
ofthis are branched GO,gemtal aperture T, testis Oi' , ovary. Y G , 
yolk glanil SH G , shell gland. UT , “uterus” (reo^tade where eggs 
devdop after &tti]ization. (c) Much-branched esecretory system ExJ* , 
excretory aperture (n) Enlaiged view of r^on near gemtal aperture 

The Tnawi nervous system of a vertebrate can be compared with an 
daborate telephone system The nerve-net is somewhat like a tele- 
phone system m which every time any receiver was taken off its 
hook all die telephone bells of all the subscribers would start ringing 
This sounds inconvenient; but, as a matter of ct, as the “subscribers 
are the musde fibres, and as m jelly-fish they are all engaged m doing 
the same job in the gannp way, it is a good thing that all of them can 
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be speeded up or slowed dowk by a smgle stimulus to one of the 


sense organs. 

In ourselves die mtestme has to carry out movements of the same 
sort— die constant succession of penst^tic waves of contraction may 
be slowed, or accelerated, or m mre cases reversed m direction, but 
nothmg more elaborate. And it, too, possesses a nerve-netnot unlike 
that of the coelenterates. 

one desires to visualize evolutionary progress, one may do worse 
than to remember that m its nervous and muscular organization a 
jelly-fish, for all its beauty, is nearly on the level of the human gut 
Colony formation is very frequent m coelenterates, largely as a 
consequence of the ease with whi^ budding occurs (Fig. 69) Corals 
are coelenterates and coral reefi the accumulation of the skeletons of 
these litde colotual polyps. Although there are very few coraHike 
anitrmlg rouud the Etiglkh coasts today, m part of the secondary 
geological penod they were abundant. Oicford was near the centre 
of a coral sea, and on the hills round the town one can dig out any 


quantity of fbssihzed corals (Plate 20 (i)). 

Not only arc some medusae way large, but the sea-anemones, too, 
have found means to multiply very considerably the original msig- 
mficant size ofthe primitive polyp This they have done by increasing 
die tbirlrti ftss of jdly between thar two layers, and by dividmg their 
enlarged central cavity by a series of strengthening partitions. 

But both these and the jelly-fish seem to have been bhnd alleys for 
devdopuig life. The mam stream flowed elsewhere. 

All groups abandon the radial symmetry of the coclen- 

teratesandare (perniaiiendyormcaily stages) biktcraflysymmetnOT 

and therefore have a defimte head end and a back and b^y They also 


all early devdop three mam layers. The outer produces nerrous- 
system, sense organs, and outer s^ or epidermis, the inner produ*^ 
the digestive tube and its appendages like digestive glands, etc,, the 
middle produces muscles, connective tissue, reproductive organs, 
blood system, and, m vertebrates, kidneys and skdeton 
The lowest of these three-layered forms are the flatwonm, with 
which we have already become fomihar m the person ofthe Plananan 
(p 246 and Fig. 40). They possess no skeleton, no respiratory organs, 

blood system, no body cavity, but only ceUular'padong roun 
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the mam organs, and only one aperture to the digestive cavity. 
Owing to die absence of blood circulation, diey must in the first 
place be fiat and leaf-hke, to put all tissues withm range of oxygen 
difftwing &om the sur&ce In the second place, they most have their 
gut and all their organs finely branched (Fig. 70). This is necessary 
so that the tissues of all organs may be able to acquire food by difiiision 
direcdy fi:om the gut Once a circulatory system was evolved, all 
necessity for this extraordinary brandnng of organs came to an end. 
The fiatworms, however, show a great advance on die codenterates 
m possessmg a definite central nervous system with head ganglia or 
primitive bram 

Space forbids more than a bare mention of two considerable other 
groups of worms, the round-worms or Nematodes and theNemer- 
tmes. They are chiefiy of mterest to us m that they show stages m the 
development ofnew cavities m their bodies m addition to the digestive 
tube. The round-worms have a spaaous cavity which probably 
corresponds to the blood system of higher fiirms, although there is 
no true circulation m it, wMe the Nemertmes show what is probably 
die begmmng of the coelom In addition, their digestive tubes have 
acquired a second opening, the anus, at the opposite end to the mouth, 
so that the fseces can for the first tune m Metazoa pass out at a did^ent 
aperture from that at which the food is taken in. 

The tmy rodfrrs or wheel animalcules, fiuniliar to all who use the 
microscope to investigate the population of freshwater ponds and 
ditches, are at about the same level of evolutionary advance as the 
round-worms. They very much resemble the larvae of segmented 
worms and of molluscs, however, and are perhaps to be considered as 
animals which have become degenerate by never growmg up but 
mmaimng permanendy m an early stage of what was once a longer 
development. 

Save for a few exceptional cases, all the remaining members of the 
animal kmgdom, which are sometimes grouped together as Coelo- 
mata, are diaractenzed by the possession of three mam layers— an 
anus, a true body cavity or coelom, and a true blood system. 

The advantages accrumg fix>m these advances are dear. In the first 
place, the contraction of gut and muscular body wall can now become 
more and more mdependent of each other, instead of the gut being 
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squeezed or pulled out according to the movements of die whole 
animal. In the second place, a sort of trap is mteiposed between the 
gut and the rest of the body, m which poisons and actual bactena 
passing in firom the digestive tube can be dealt with. In higher 
vertebrates patches of tissue which produce white blood-coipusdes 
are found scattered over the inner wall of the coelom where it covers 
the mtestme; while in many low forms such as worms, many white 
corpuscles laden with waste materials are found in the coelom, there 
to break down, and to be earned away by the excretory organs. 

Thirdly, as the bulk of animals becomes greater, it becomes more 
and more necessary to provide greater absorptive surhioe m die 
intestine. We have already seen thatm any structure which is enlarged 
without alteration of shape, bulk increases as r*, but sui&ce only as 
f®. Thus, It will be of no a^ to keep the same proportions ofmtestme 
as the animal grows larger, but new arrangements must be made for 
making the surfecc more or less proportional to f*. In some animals, 
like the earth-worm, this is accomph^ed by a sunple infbldmg of one 
side of the straight gut; m others, like the sharks and dogfish, by a 
spiral valve m the mtestme, down which the food must travel, as if 
down a shallow spiral staircase instead of dioppmg direcdy down a 

shaft. Butmthem^ontyoflargeanimalsdiedilficdtyissurmountcd 

by r olling the gut. In a tadpole the mtestme is packed like a watch- 
sprmg; even m man die gut is about four times as long as the whole 
body; while m herbivorous mammals it is ofien relatively mudi 
longer. Only by the existence of a space such as the coebm would 
It be possible for the gut to become coiled m this way. 

Ihc whole problem of size m animals is of great interest. As die 
accompanying table (pp 331-335) shows, the range of siw m 
organisms is enormous, a big tree bemg as many times laiger mm a 
gmall bacterium as the sun is largw: than the big tree {xe p. ® 

startlmg to find that there exist adult insects, with wings and legs, 
compound eyes and striated musdes, smaller than the humm ovum; 
that jelly-fish may reach nearly a ton in weight; 
elephant has dcarance top and bottom inside a whale (Rg. 92); or 
that there are Protozoa larger than the smallest Vertebrates. 
problems as to hmitations of size are suggested by such a tabic, 
but they cannot be discussed here 
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Rg 71 

TABLE OF COMPARATIVE SIZES 

grams 

10”x 1 8 = minimum -weigjit of umverse 
10®®x2 =wei^tofsan 
10*'x6 = weight of earth 
10®®x7 = weight of moon 


10 “ 

Big trees of Cahforma (by volume, c c ) 

10 ® 

Largest oaks and elms (by volume, c.c.] 

Largest whales 

10 * 

Largest Dmosauts (Brontosaurus, Diplodocus, etc ) 

Largest £sh (basking shark) 

10 ’ 

Largest extmct purely terrestrial animals (extmct elephants) 

Noib<— The figures are for adult specunens only. OPor smallest paTawtir 
Protozoa, the fuU-gcowu form found m the Vertebrate host has been taken.) 

Hiesizesazegivenas weights m grams (except m a few stated cases, where 
volomesmcc aiegiven) In most o^anisms, weight m grains will be dose to 
(usually dighdy greater than) volume m c c. It will be seen that the largest 
orga nism s are 10*® as large as the smallest known Hie sun is over 10®* rimiN; 
as large as the largest otgamsms, the whole umverse, accordmg to raTmlafi^n s 
based on the Einstem theory, at least 10** tunes as la^e as the sun Thesmallest 
organism is 10“ as large as the smallest known partide of matter. The range of 
size of organisms is therefore over a quarter of die total range of size withm the 
umverse. 

The size ranges of diffitent groups (number of times the largest die 
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Largest existing purely terrestrial animals (elephant, rhino- 
ceros) 

Largest molluscs (giant squids) 

10 » 

Very large cart-horse 

Average cart-horse and cow; red deer, alhgator 
Largest jelly-fish (Cyanea arcdca) 

Largest fhghdess birds (moa, aepyomis, large ostndi) 

Very stout man 

Largest hzards (Varanus komodensis) 

10 » 

Average man and woman; sheep, wolf 
Largest dying birds (condor, albatross, tame swans) 

Largest bivalve molluscs (Tndacna, etc.) 

Largest arthropods (Japanese spider-crab, very large lobster) 

10 * 

Fox, cat; bustard, wild swan 

Fowl, rabbit, largest fro^, largest cdl (yolk of acpyomis ^) 
Largest hydroid polyp (Branduocenandius) 

Largest Brachiopods (Productus giganteus), largest Echmo- 
Afirms (sea hhes, urduns, sea cucumbers and starfish) 
Largest worms (e g., Eunu^ Rousseam) 

1(F 

Pigeon, kestrel, herring, rat, bull-fiog 


ftnaW number of the group) are very difent. Ihat of the Vertebrate is 
10“. Ai^»ng the Vertebrates the mamnials have 10® (hmd mammals 10’), birds 
10® (flymg birds only 10*), fish 10*. The Arthropods have also 10“ (msects 

onlylO®).ThemolluscsandCoeIenteratcshavethelargestvalacofanyAfctazoao 

groups, VIZ , 10“ Ihe Brachiopods, Echmodetms and Rotifers have J ^ 
ranges (10’. 10* and 10® respectively), that for the RoUfets is ody 10* if the 
small degenerate males are exduded Worms have a value of 1^ Ftee-^i^ 

Protozoa have a range of 10“. equal to the high«t m the 

parasitic forms are included, foe range is mcreased 100 tunes, tt?n0 , thus 

giving the greatest value for au^gtoup 
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10 * 


10 ^ 


Thiu^ spanow, mouse, common &og 
Largest insects (Goliath beedes) 

Largest spiders (Soudi American bird-eating spider) 


Wren, willow warbler 
Smallest mammals ^ygmy shrew) 

Largest non-colomal Protozoa (M ummuhtes — all now estmct) 
Smallest birds (humming-birds) 

Common earth-worm 


10 » 

Honey bee; largest ants 
Amphioxus 

Smallest fish (Cypnnodonts, e g , Heterandzia Formosa) 

10 "^ 

Smallest vertebrates (tropical frogs, e g., Phyllobates Hmbatus) 
House-fly, most ants 

io-» 

Largest Bntish water-flea (Daphnia) 

Hydra fisca, smallest Ecbmoderm 
Largest Rotifers 

10 -« 

Smallest Braduopod (Zellania or Theddia), common flea 
Average Daphnia 
1(H 

Smallest molluscs (e g , Acme stussmen) 

Small Daphnia 

Medium-sized human stnated muscl&>fibre 
Most parasitic Chalad wasps 

10 -» 

Human ovum 

Smallest insects (beetles and parasitic Chalad wasps) 

Smallest Polyduete worms (e g , Syflides opisthodonta) 
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Smallest Crustacea (Daphmds) 

Smallest Codenterate (Microhydra) 

io-« 

Large Paramedum 

Large sensory neuron of dog (cell-body alone, widiout axon 
and dendntes) 

Smallest worms (Archiannelids) 

Smallest female Rotifers 

10 -’ 

Average Vordcelk 

Largest vertebrate red blood coipusdes (am phihian, eg, 
Ampbiuma) 

Smallest male Rotifers (smallest Metazoa) 

Human smoodi musde-fibre from intestine 
Human bver-cdl 

10 ^ 

Cell-body of small sympathetic neuron (dog) 

Dysentery amoeba 

10 ^ 

Met cdl of human pancreas 
frog’s red blood-corpusde 
Trypanosome of sleeping sickness 
Human white coipusdes 

10-10 

Human red blood-corpusde 
Maximum size of malarial parasite m man 
Human spermatozoon 
Smallest free-hving Protozoa (Monas) 

10-« 

Anthrax bacillus 

10-18 


Tuberde bacillus 
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Bactena (coca) of pus 

Smallest parasitic Protozoa (Iheilena m ox blood-corpusde) 

10 -“ 

Average coca (round bactoia) 

l(h« 

Smallest visible bactena (e.g » Bovine pleuro-pneumonia) 
Spbencal objects at limits of miaoscopic vision (o‘2/£) 

10 -“ 

Small filter-passing organisms (0*lfi diameter) 

10 -“ 

10-17 

? a single hereditary fiutor ^ene) 

10 ““ 

Hxmoglobm molecule 

10 -“ 

Egg-albunun molecule 

10-ao 

Peptone molecule. Bit molecule 

10-ai 

Glucose molecule 

10 -“ 

Water molecule 

10-« 

Hydrogen atom 

10 -“ 

10-*5 

10-»‘ 

10 -“ 

An electron 

10-“ 
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One of the most primitive groups of definitely coeloraate 
is die Annelids, or segment^ worms. These mclude the fanuliar 
earth-worms and dheir less j&miliar small fireshwater relatives, the 



Fig. 72. DcvclopmeatfromthccarlyIarvaonwards,ofthcnjariBe 

Axmchd wonn Polygordm. (a) lie adult worm, dorsal view . ti, 
tentacles; /i,hcad; tm, anus. (B)Eiriy larva (frarfiiyfto«):e,cyc-5pot 
on sensory region (apical plate); m, month and intestine widi 

anus,0n In front ofthemoutha circular band oflong cilia (c)L3tc 
larva Tie trunk region has elongated /wp, larval kidney, (n) The 
larva is metamorphosing into the adt^ form (lower magtufica- 
non) Tie trunk is sdll longer and has become segmented The 
tentacles have appeared, lie head region has decreased in size 
(e) Antenor region of a Polychactc worm, the common sand- 
worm Ncrets. The body-segments bear prinuovc appendage 
^aiapodia) Tic paapodia ofthehead rcgionaremuch modified. 
Tentado and cj e arc present 

marine group called Polychaitcs or "many-brisded,” on account of 
their numerous swimming or crawling brisdes and spines on ca 
segment (the lugworm is a familiar example); the leeches, and some 

htde-known aberrant t^pes. 
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One of the important charactenstics which these possess is segmen- 
tation. Ofthethreehighestphykofanimais, the molluscs, arthropods 
and vertebrates, it is no comddence that two, and the two most 
successful, aresegmented Themeanmgofsegmentationisthus worth 
some study (Fig. 72). 

All segmented forms are alike m certain respects They all possess 
a small region in front of the mouth in which the brain, or its first 
evolutionary rudiment, is lodged The trunk consists of a whole 
senes, often a hundred or more, of segments, each one similar to all 
the rest m onginal plan. These are formed durmg development in a 
growth zone near the hmd end, and this growing-region often 
continues active throughout life. Thus, the trunk region is, m a sense, 
repeated a number of tunes Such segmentation is called metamenc 

What are the advantages of such a construction^ They are several. 
In the first place, the animal obtains any advantages of mcreased size 
that It would reap through colony formation, but with the funda- 
mental difference that he numerous identical parts, mstead of bemg 
independent of and perhaps at cross purposes with each other, are all 
under the control of the smgle antenor region, so that it is an organism 
of unified action fix>m the first Then division of labour can step m, 
just as it can among the members of a colony, and modify different 
segments for diflhtent functions, so that high specialization is easily 
achieved. 

One of the earhest advances to be friund m segmented smnrials is 
that of head formation The primitive region m front of the mouth 
scarcely deserves the name of head. Gradually, however, several of 
the next following segments become firmly jomed to it, their nerve 
gangha in particular all being fused to form a smgle brain of com- 
pound origin At the same time, more and more elaborate sense 
o^ans, more and more elaborate jaws and moudi parts, are evolved 
m connexion with what we can now call a head 

The Annehd worms never get very 6r along dus Ime Their chief 
interest to the evolutionist hes perhaps m the presence m theu most 
typical representauves of outgrowth all along the body, one to each 
segment, called parapodiOf which one might translate as “almost 
feet ” They consist of protuberances on eiAer side of each segment, 
each furnished with a battery of bristles and hairs of vanous shapes 
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These sometimes serve for bunfowing, someoincsfor crawling, some- 
for summing; there on be little dodit dat fem 

of niar type were evolved lie limbs of crustaceans and msccls 

Atoy TOnm lave red blood, led widi a hamoglnbin m 
that found m our own veins— a good example of the umty underlying 
very diverse forms of life. Others, however, have blood which is 


4 



CiG 73 Side view of a male codboach (Pmplaneta mentahs) 1, antenna, 
2, bead, showing the large eyes, 3, first segment of thorax, 4, wu^, 5, joint 
(of soft cuticle) between bard dorsal and ventral plates (of Sdi mgtnMit of 
abdomen), 6, 7, dorsal bard plates of 6ih and lut /yf gb ftnnn|!n, 

10-14, the five mam regions of the insect bmb, 15, daws 


colourless, blue or even green; m some cases the blood pigment 
contains copper or zme instead of iron 
Worms play a great role in the soil, but that is a story every one 
should read for themselves m Darwin’s book on eaith-wonns 
From some type like that seen in manne Anndids there probably 
sprang the great group of Arthropods— die largest group of the 
animal kingdom m respect of numbers, and m some ways the most 
specialized and even the most advanced. 

The decisive steps that they took in their evolution were these In 
the first place they have all encased themselves in a hard covering 
made of ahomy substance called chitin. This, by giving thepossihihty 
not only of unyielding attachment for muscles, but also of a fixed 
and de^te shape, made rapid locomotion possible The piuniave 
parapodia of the worms have been improved and converted into 
d efinite appendages, each consistmg of a number of hinged joints 
In all Arduropods, marked divmon of labour has set in among the 
append^es, so feat between them they carry out at least three 
functions. Some, like the antennse, have become sense organs, the 
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m^onty are used as limbs for 
walking or swimxmng, and 
die rest are modified mto 
feedmg organs, takmg the 
place of our bps, jaws, teeth, 
and tongue (Fig 73} In the 
higher members of the vanous 
Arthropod groups, the nerve 
gangha become concentrated 
near the antenor end, thus 
givmg greater centralization 
of nervous control (Figs 74, 
75). 

The number of segments 
may become fixed and defin- 
ite, while the head is always a 
sharply defined region Cun- 
ously enough, neither aha 
nor flagella, for which many 
uses arefoundelsewhere,fi:om 
the lowest to die highest am- 
mals, are to be found m any 
Arthropod The Nematodes 
arethe only other group with- 
out aha 

The most successful ofaqu- 
atic Arthropods are the Crus- 
tacea, rangmg from the htde 
water-fleas and tmy forms like 
Calanus, which constitutes one 
of the mam sources of food to 
many matme fish, up to lob- 
sters and crabs Shrimps, 
prawns, henmt crabs, wood 
hce, sand hoppers, crayfish, 
are all famihar members of 
this great group (Plate 2) 

M S T — 



Rg 74 Concentration of die nervous 
system m Arduxipods {Right) Central 
nervous system of a pmmtive crustacean 
(Branchipus). Hie two lateral trunks of 
the nerve-cord are separate, connected 
across die nuddle line by commissures 
There is a ganglion m every segment A 
few of the antenor segmental ganglia 
have coalesced to form a primitive bram 
(Le^) Central nervous system of 
Seventeen-year Qcada The lateral nerve 
trunks have muted m the imd-hne, and 
the segmental ganglia of the abdomen 
have migrated mto the thorax Here they 
form, with those onginally belongmg to 
the thorax, a smgle mass Only nerves are 
found m die abdomen Thebramismuch 
enlarged (Smallwood, Man, the Animal, 
1922) 


340 ANIMAL BIOLOGY 


Although a few Protozoa and all earth-worms hve in die soil and 
occasional datworms and leeches are terrestrial, yet the Arthropods 
are the first phylum we have met, and the only one beside the 
molluscs and vertebrates, m which emancipation fiom a watery life 
has been achieved by the majonty of whole classes or orders. 

A few land crabs are known, but insects, myriapods (centipedes, 
etc ), spiders and scorpions are chiefly and typically land-dwellers, 
and it is especially among the insects that progress is most marked. 



Rc 75 Internal anatomy of the codcroach (a) The mam trunks of 
thetiachealsystem j/ 1,3, lO-lst, 3rd and 10 th sttgmata, or external 
apertures of ie trachese (b) Digestive and rcproducttve systems of a 
female d, colon, crop, g, guaard, he, hepaUc tubes (digcsbw 
gland), I, mid-gut, mt, Mal^ghian tubes (excretory organ), ou, ngbt 
ovary (the separate egg tubs, with the smallest eggs towards the 
bhnd end, are seen), r, tectum, sg, sahvaiy g^and with receptacle, w 
(c) nervous system ab 1,16, 1st and 6th abdonunal ganglia, 

sbg, sub-oesophageal ganghon, ipg, bram or supra-oesophagcal 
ganghon, th 1-3, thoiaac gan^on The double commissures 
between the ganglia are dearly tiiown 


Insects possess a remarkable method of breathmg, wholly differe^ 
from ours Their whole body is penetoted by a network of an 
or trachea (Rgs 21, 75). By this me^ oxygen 
are taken directly to and from the tiisues, so that die ^ 
concern with respiration, but only series to transport food and 
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products. As a secondary consequence of diis, die blood drcukdon 
need not be, and is not, rapid; and the heart is of a comparadyely low 
type. 

Not content with conquering the land, the majonty of insects are 
also at home in the air— a double adbievement only found elsewhere 
among certam groups of vertebrates Cunously enough, instead of 
using any oftheir existing limbs forfiight, as have alldymg vertebrates 
—whether flying-fish, flyuig-fiogs,flying-hzards, pterodactyls, birds, 
or bats— diey have employed as wings two pairs of qmte new struc- 
tures growmg out from the upper part of the diorax, and probably 
developed &om akmd of gilL 

Every one has heard stones of the extraordinary capacities of 
vanous kinds of insects. One wasp has been seen to use a stone to 
pound down earth over its eggs — the only tool-user but man. The 
social life of bees and ants is more comphcated dian that of any other 
animal except ounelves In a beehive the newly emerged bees dean 
and prepare the cells to recave new eggs; af^ this, diey hdp m 
keeping the temperature of the brood up when needful by dnstenng 
m dense masses over the nursenes They probably ako ventilate the 
hive by fanning with then: wings. When the workers are three days 
old they begm to act as nurses, feedmg the grubs widi honey and 
pollen, this nursing duty is given up by two weeks old at latest. 
When they are between five and fifteen days old they take tkpir first 
flights out of the hive, thus gradually gainmg a knowledge of the 
surrounding country. After this the young workers begm to collect 
food fiom the newly returned food ga^erers, and store it in the 
storage cdls of the comb The growmg workers soon add to 
duties that of samtary workers, keeping the hive dean and removing 
any corpses Ihe last task undertaken before going out food-gadiering 
is that of sentry duty; the sentries examme every bee that ali glifv at 
the entrance, and attack all robbers or unwdeome strangers 

Finally, when about three weeb old, the workers set out for their 
final task of gathering nectar and pollen. 

Thus, there is a wonderful division of labour or allotment of tasks 
withm the bee community, but the different jobs are not earned out 
by different worker castes, as was at one time supposed, but are 
allotted to different penods m the h&-histoiy. 
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Fig 76. lotenorofaaant’snesttoshowthc'ivayinwhichtheworkersaiiangc 

the devdopiog young according to that d^^iee oi deydopjnent.hi the top three 
chambers are very small larvae ^robs); in the fburdi, fiiH-gtown larvs, and m 
die bottom diamber, pupae The larra and pupae ate often ertoneoudy called 

“ants’ eggs” 
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There are ants that keep slaves— some have gone so fer as to lose 
the power of lookmg after themselves, and have to be kept dean and 
even fed by slaves of an alien speaes. Then there are ants which use 
tbqV own babies, in the pupa stag^ to bmld the nest; the pupae have 
an abundant and sndey sahva, a gang of ants squeeze threads of this 
from leaf to leaf hdd m place by anodier gang 77). Others have 

a caste of workers that gorge themsdves with honey until th»r 
bodies are quite sphencal, and then hang themsdves upon the roofr 
of special “cellais” a^;ainst die winter. When food is short, these 
hvii^ store<asks are taken down and ‘^tapped” by the rest. There 
are ants which keep domestic animals — ^die htde aphids— whuh they 



Fig 77. Tvroqpiastofvmtksaof^tsatOecophyttasmaragdtMTspaxao^ 
a rent m the nest (which is made ofleaves stude together by silk dueads) 
One gang is pulling the edges of two leaves dose together, die others, on 
the umde of the nest, are carrying well-gcown larvae in dieir months 
By squeezing, the larvx are made to emide shmy direads whidi soon 
harden to silk, and the workers use diese threads to sew die leaves 

together 

tend and keep for die sake of their sweet secretion, and there are ants 
which practise agnculture They make subterranean hotbeds with 
pieces ofleaves which they cut; and in these plant the spores of special 
fungi, sometimes only known in the ants' nests When a queen goes 
out to found a new colony, she takes a pellet of the precious fungus 
with her in a special podeet below die mouth. 

Insects appear to have been m existence frr a longer time than 
vertebrates, certainly the highest insects such as ants have been m 
existence longer than the hipest mammals. Why is it; we may well 
adc, that the vertebrates ever got the chance of rising? Why did not 
die insects come to occupy a predominant poadon among ammalc^ 




which were ongm^Y ^ A-reisadiortageotlooo, 
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and keep out mtraders firom their preserves? 

The answer appears to be twofold 

In fhe first place, their devemess and effiaency is ^ more a matter 
of mbom mstuicts than of learning, dockwork smoothness rather 
than discovery and dioice. They can learn, but the power of leaning 
issmall, theekboradonandfixity ofthdrinstmctsgreat Itispreasdy 
the reversal of this relation between instinct and leammg-capaaty 
wbch finally enabled the vertebr^es, m the person of man, to begin 
to nse above and to control the forces which up till thenhad controlled 
and moulded hfe. 

Secondly, as it turned out, the typical structure adopted by the 
group earned irrevocably, withm itseii^ a hmit to any great advance 
m size 

The skeleton of an Arthropod is not only on the outside; once it is 
laid down it is dead. If growth is to take place, the animal must 
moult— the old skeletonbe split and thrown ofiandanew one formed 
underneath 'While the new one is being formed, the animal is 
naturally soft and defenceless 

As an Arthropod increases in size, fiir various mechanical reasons 
the bulk of the skdeton must grownot only absolutdy but relatively 
bigger The difficulty ofemergmgfiom the armour-plating becomes 
greater, and the tune necessary for buildmg up a new skdeton and 
hardenmg it with lime would be more and more prolonged. If there 
could Qost a crab as big as a cow, it would have to spend more fhan 
half of Its existence m hiding, '^ting for its skdeton to grow after 
moulting. But such an animal could not exist. Even m water and 
widiout a skdeton a crab’s body has some weighs and a crab of diis 
size would at moulting flatten out like a gi g an t ic bun. This would 
happen, of course, at a much lower size m Imd Arthropods, whose 
weight is supported by no circumambient water. And as a maitpr 
of ffict, although we find modecatdy large marme Arthropods, such 
as the giant spider-crab, with a body a htde bigger than a man’s 
head and gigantic but thm legs, yet the largest purdy land forms 
(ecdudingland crabs) are the big tarantula spiders, the bigger among 
the scorpions, the gohath beetles, and the giant swift-mod^ none of 
which have a body (ocduding limbs, wings and the tail in scorpions) 
of over SIX mches long. 
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lb order to obviate some of tbe diffic ulties wbidi at each moult 
beset a complicated anim al with eictemal slmleton, in all the more 
speoahzed insects is found the plan of dividmg life mto two wholly 
distinct phases, widi a metamorphosis between In the first or larval 
phase the necessary growth is adueved, and die animal is very litde 
eke but a feedmg madbine~a butterfiy’s caterpillar, beede’s grub, or 
fiy's maggot. Then comes transfiirmation to a restmg stage or pupa, 
during which the metamorphic trans&rmation is accomplished— 
the white blood-cdk break ^wn the larval organs, andhtde reserve 
packets of celk grow up mto the organs of the adult. Then fiom die 
pupa there emerges the r^roductive adult or unago, capable gener- 
ally of dight, active, endowed with e£aent sense organs and won- 
derful instmcts. hi other groups diere is no pupa stage, and the 
metamorphosis is less radical (Fig. 79). 

Thus, m insects the larval stage is a new development, forced upon 
the higher members of the group by their very complexity, not as m 
Amphibia a primitive condition, the larval amphibian today hving 
m t^ same way and m the same element as did the ancestors of the 
group m the remote past 

Two matters must detain us fisr a moment The first is the social 
life of many insects. The bees, the wasps, the ants, and the termites all 

and Vertebrates These are two groups m which the fiirmation of 
colomes widi physically connected members, so frequent in lower 
forms, IS absent The meaning of this is simple The animal com- 
mumty, like the colony, inaeases the size of the efiective unit; it 
takes the place of the colony m groups above a certam level of 
complexity, and diis for two chief reasons. Brst, it would be of no - 
advantage, but of defimte dbsadvant^e, to have, m any animak so 
highly oiganized as insects or vertebrates, a colony composed of 
individuak jomed to each other by physical connexions. A lugh type 
of animal is a high type largdy by virtue of its daborate organization 
for movmg from pkee to place and frir peicdving distant objects, 
and all this would be nullified by sudi an arran gement! On die other 
hand, the perfection of its sense oigans and its bram enables it to 
coxnmumcate with its fdlows and to possess instmcts making for 


display a wonderful perfection of commumty hfr. Wdl-devebped 
commumty lifr with organized societies only exists m the Arthropods 
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concerted action In a colony of polyps, the only way in which one 
. polyp canhdp another is digestwely ; ants, however, will guide others 
to food they have found, and die adults will tend lie larvae. A com- 
munity, m feet, is a colony held togedier by psychical instead of by 
physical bonds The largest communities m the world are those of 
ants and of men. Some ant coxmnumdes contain over half a TniUmn 
individuals. The largesthuman commumties at present are the British 
Empire with about 460 milhon individuals, and niima with about 
420 millions. 

in all social insects the great m^onty of individuals are “workers,” 
incapable of reproduction, in ants, b^, and wasps die workers are 
modified females, while in termites both males and females have 
become unseiced In many ants and termites the workers have become 
(hfierendated into seveml sub-castes, of which the largest act as 
soldiers. 

The other point concerns die senses of Arthropods. Arthropods 
have progressed fer m evolution, but along wholly different Imes 
feom those along which the vertebrates have travelled As one would 
expect they possess the same general kind of sense organs as verte- 
brates— -for touch, smell, tasm, sight and sometimes hearmg— but 
these are often constructed on a plan wholly different jfiom that of 
ours. 

The sense of smell in insects, for instance, seems to depend upon the 
sensitive hairs m the feelers or antennae. These are very highly deve- 
loped m the males of some moths, such as the Oak-^gar, and enable 
them to find a female of the spedes, even if shut up in a bme, at a 
distance of a mile or more. 

The Ardiropod compound eye, however, is perhaps the most 
remarkable of their sense organs. It consists essentially ofanumber of 
htde elongated eyes placed side by side, and separated optically fiom 
f»arh odier by a black backing of pigment to each. The retina of each 
eye can only receive an impression of the tiny area of outside worid 
direcdy in line with it beyond the wmdow of its cornea All the 
retinae transmit tiieir impressions to the beam, which must then 
receive a mosaic of sq>arate images, and must then combine them to 
a singlff coherent picture. In some dragon-fiies the huge compound 
eyes are composed of over 25,000 separate eyelet^ and are curved so 
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dat some of these point in every direction. A dragon-fly can look in 
front, and backwards, and sidewa)^, and up, and down, all at once 
and without a movement of its head (Plate 20 (n)). 

Such eyes are probably more eiSaent than ours m some ways, such 
as in this matter of looking many ways at once, and m the detection 
of small movements of objects, they are, however, certainly less 
cffrimt in giving an accurate picture of the details and fine texture 
of objects, smce our sensory units are smaller, and they have no 

seen, are usually small Every one will have 
noticed flies and small beetles and moths struggling on the sur&ce of 
water, they are so small that they are a prey to the sur&ce tension 
of the sur&ce film, and cannot get fiee. It is thus difficult ffir most 
insects to go to water to drink, like a land vertebrate (collectors of 
butterflies will have seen *‘blues” and other butterflies drinking— but 
always firom moist soil, never fiom pools of water). It is possible 
that an unusual anatonucal feature of thous is to be associated with 
dm &ct Their excretory o^ans do not open direcdy to the outside, 
but take the form of a number of dun tubes (Malpighian tubules) 
openmg mto the mtestme (Fig 75). This may possibly be a water- 
saving device. The hmder part of the mtestme m man absorbs vrater, 
if It did the same in msects, all the water contained m the excretory 
fluid would be reabsorbed, and the ammals would have to drink 
much less. 

Of other Aiditopods we can speak but htde Mention should be 
made of the wonderful crab Bi^us, one of the few land-living 
Crustacea, whose daws are so powerfiil that they can open coco-nuts 
and even cut barbed wire; and then there are the spiders, which have 
developed a tracheal breathing system quite independendy of the 
insects, and have the best devdopol courtdup displays of any mverte- 
brates, as well as nvallmg all but the social msects in com plex ity of 
instmcts 

There lemam of the invertebrates the Molluscs, die Brachiopods, 
and the Edunoderms. The molluscs comprise the true **diell -fish/ * 
and are biologically an extremdy heterogeneous group, ranging 
&om tmy primitive worm-hke creatures to the largest and most 
highly organized of all mvertebrates — ^the squids and octopuses. They 


focusmg mechanism 
Insects, as we have 
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all possess (besides odier techiucal characters) a large fleshy organ of 
locomotion, the jfoot; and almost all have a shell, they £[oni 
most other successful mvertebrates m not bemg segmented The most 
important are the “bivalves” (LamcUibranchs), and “univalves” 
(Gastropods), and the octopus, the nautilus, and their relatives 
(Ccphalopods) (Eig. 80). 

The bivalve molluscs are a degoierate group; their degeneration 
has come about through their adoption of sessile or semi-sessile 
habits. In practically all of them, sudi as the oyster, the mussel, the 
freshwater mussel, etc., the so-called “gills,” though they snll assist 
in respiration, are in reahty mainly food-catching organs. They are 
very large and covered with aha; the cilia produce a current, and the 
gills are so arranged as to strain ofl‘ali small debris from this current 
Thar digestive system is so constructed that it cannot avail itself of 
large particles of food, and all particles above a certain size are side- 
track^ and gected again if they manage to get m. The acquisition of 
food by these means does not require great mteihgence or elaborate 
senses, and we find bram and distance-receptors very poody deve- 
loped m almost all members of the group. 

The Gastropods are so called because (to quote Mr. A. P. Herbert) 
“They travel about on their tummy ” The most remarkable feet 
about them is that they arenotsymmetneal; usually, as m the common 
snail, a large part of die body is twisted up mto a spiral, the spiral 
bemg covered with a shell Limpets, cownes, whelks, slugs, snails, 
penwinklcs, sea-slugs, the pteropods that form the staple diet of 
whalebone whales— ■these are typical eramples. They reprcsoit some- 
what of a compromise m evolution between security and progress. 
The shell is a fine protection, but it is a very heavy piece of armour- 
plate. As a result, we usually find movement cfiected by sunple 
crawhng on the slimy under-foot; the snail is not only proverbial, 
but typical m respect of its slowne» Smee they are free-moving, 
distance receptors arc wanted, but ance they move slowly, these 
sense organs are only moderatdiy well devde^ed. Most of the speaes 
are nather very small nor very big — ^firom about a centimetreto a 
decimetre long; a few, however, reach greater sizes One fosm 
tower-shell stands nearly five feet high, as you may seem the South 
Kensmgton Museum. 
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the blood in the gills Tlic inimal can swim rapidly backwards by cjcctmg water violently through this funnel It also crawls 
about by means of its arms. The body, containing the viscera, is on the left 
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The highest molluscs, however, and m some ways (he highest 
invertebrates, are the Cephalopods. The more primitive amoug t:h<»Tn , 
sudi as (he nautilus and the ammonites (now extinct, but once the 
, dommant group), still retain a large protective shell. But m all the 



Fig. 81. A starfish (Ecfttfutsfer) devouring a mussel (Mytilus) 
1, Madiqioiic plate, through which water enters mto the 
system of water-vessds, vduch help actuate the tube-feet by 
keeping them distended. By means of its tube-feet the starfish 
eiKrts a constant pull which eventuwy wears out the muscular 
resistance of the mussel Ihe starfish then protrudes its stomadi 


out of Its mouth and inside the shdl of the mussel. it 
apparently digests the body of the mussel, the resultant fluid 
bemg sucked up into the rest of the digestive tube of the starfish. 
The starfiish is deleted too much raised on the tips of its arms, 
it ihould be more croudied down 


highest forms die shdtt is quite mtemal and much reduced— trans- 
formed from external armour to mtemal support— or even absent: 
the “foot” has m these aeatures become divided mto eight or ten 
“arms** beset with sudeers In some of these higher forms an 
method of rapidly movmg foom place to place has hem cvolv , 
they squirt out water forwards through a narrow jet and so move 
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quiddy badkwacds la others, muscular fas are developed along the 
sides, by means of which the animal can swim either forwards or 
backwards In addition, some (such as the octopus) can clamber about 
on the bottom by the aid of their aims 

All are fedy and often rapidly mobile, and not stuck to the bottom 
like most Gastropods. This has resulted in a great advance m eyes 
and other sense organs, and in beam. Farther, the chvision of die foot 
mto lobes (“arms”) has provided them with a difierent type of organ 
&om any odher seen m other molluscs— a real set of limbs Finally, 
most of them are furly large; some mdeed are gigantic, 30 feet or 
more aaoss the outspread arms. These giants are for the most part 
mhabitants of deep water, whither they are pursued and attacked by 
the sperm whale. For all their complei^ of organization, however, 
diey are not a huge or dominant group like the fish; something of die 
combined simphaty and effiaency of die fish is lacking m them, and 
diey remain, like monuments ofanodher type of avilizadon, to diow 
the utmost that hfe was capable of producang along the MoUuscan 
line of evolution. 

Hie Brachiopods or lamp-shells are often' mistaken for bivalve 
molluscs In reahty, they have qmte another type of anatomy, with 
coiled tentacles instead of gills for the production of then food current. 
They are mteresting because some of dieir species have persisted 
without the least visible change &om the earhest fossil-bearmg rocks 
uU today Evolutionary change is always occurrmg, especially among 
the latest products of evolution; but it is not a necessity. An animal 
may perform the same job m the world's economy for as long as the 
world is habitable. 


The Echmodenns are a curious phylum They are all manp^* and 
essentially bottom-hvers, sometimes fixed by a st^ like the sea-hhes, 
more often capable of slow movement like the starfish, bntde-stars, 
sea-urchins, and sea-cucumbers They arc remarkable m being the 
only whole group of codomates which have reverted from bilateral 


to radial symmetry. They are all five-rayed, but bear, m die form of 
a few smdl structures, unmistakable signs of an ongmal bilaterahty. 

As wouldbe expected, their sense organs are very poorly devdoped. 
Two very cunous features may be noted They move by means of a 
system of tube feet— a great number ofhtde protrusible suckers filled 
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With water which can he made to adhere hke a boy*s "sucker” by the 
creation of a partial vacuum. And some of them, such as staifi^, 
sea-urchins, possess (he oddest organs, called pedicellanae, which every 
one who has a lens or microscope should examme when they are at 
the seaside. They are little stalked structures, each with diree "jaws,” 
and are continually moving fi:om side to side making snapping move- 
ments, each one apparently qmte on its own. It is probable that they 
help to dei^d the animal, and also to keep it from bemg overgrown 
wi^ plants or sessile ammals. Most Echiuoderms have a larval stage, 
dunng which they are tiny transparent creatures, bilaterally sym- 
metrical, s wimming near the suri^ of the sea. It is dear that the 
Echinoderms represent die end of an evolutionary blmd alley ^g. 
81 ). 



CHAPTER THIRTEEN 


THE ANIMAL KINGDOM (««/</): THE 
VERTEBRATES 


F inally, there remain the Chordates or Vertebrates 

These riaitn our interest not only as the group of animak widi 
the highest average attainment, not only as the group which contains 
our own evolutionary pedigree, but because a great deal of the detailed 
course of then evolution can be traced m the fossd-beani^ rodts. 
All the mvertebrate phyla and most of their classes had their ongm 
so &r back as to ante^te the first fo^-bearmg rocks we know. The 
earher stratified rocks, that were laid down when they were first 
evolving, have been denuded away or so squeezed and baked through 
heat and pressure that their whole character has been altered, and dbe 
fiissils they must have contamed We been destroyed or rendered 
unrecogmzable Worms, echmoderms, arthropods, molluscs, corals, 
lamp-shells, many highly speaahzedand none essentially unlike those 
of today, are to be met with m the earhest well-preserved senes of 
rocks, the Cambrian 

But with the vertebrates it is difhrent. Probably their evolution 
took longer on account of their very complexity; m any case, the 
fint vertebrates so fiu: found belong to a primitive type of fidb, and 
occur m the Ordoviaan, the next division above (more recent than) 
the Cambnan. 

The mam features of vertebrate evolution could be deduced equally 
well firom comparative study of present-day forms, or firom the 
anatomy and history of fiissils. The two methods confirm each other 
m all essentials (Fig 61). 

Starting with fish, the salient steps m vertebrate evolution are as 
follows. (1) the partial conquest oft^ land by amphibians, involving 
the transformation of swim bladder to lungs, and of paired fing to 
true limbs with fingets and toes. (2) The fiill conquest of the land by 
rutiles, no longer restricted to dampness when adult or to water for 
their early development, this imphed the evolution of a laige-yolked 
egg, and the development of a protective water cushion or ammon 
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over the embryo widun the egg. Instead of having to develop m 
water, eadh embryo is sapphed with what an American writer calls 
“its own pnvate pond” m die shape of the fluid withm its amnion 


Lihigher reptiles (mosdy now extinct and supplanted bymammals) 
the body was for the £rst time raised off the ground and supported 
entirely by the limbs (or with aid &om the tail] . Meanwhile, the heart 
became more or less completely divided mto two separate parts, as 
in man, one for pumpmg venous and the other for pumping arterial 
blood only. 

Two separate lines spring firom the reptilian stodt— the mammals 
and the birds. Both agree m havmg ^eloped a mechanism for 
ensuring a constant temperature environment for the tissues of the 
body, and m having the heart completely divided mto two The first 
to be considered here (though die later to develop in evolutionary 
tunc) IS (3) the bird Imc. The evolution of birds was made possible 
by a senes of acquisitions. Firsts that of constant high temperature, 
next those of feathers, wmgs and air sacs In addition, ousting birds 
have lost their teeth, and bird parents show a remarkable degree of 
care for thar young. These steps have led to die chief conquest of the 
air which has been made by vertebrates (4) The other luxe led to the 
piflmmak Apart from (he constant high'temperature and the divided 
heart, the two umvcrsal characters of mammals arc the possession of 
hair, and the secretion of milk by the mother. Further, althougl^ 
few tTiflniniflls lay eggs, and a moderate number (most pouched 
mammals or MarsupiSs) bring thar young up from an extremdy 
early stage in their pouch, stuck firmly on to the mpples, yet the 
largest and the dominant sub-class of mammals are all characterize 
by a placenta or organ for ensuring interchange of food, respiratory 
gases, etc.,' between the mother and the embryo m the uterus, thus 
malcmg possiblc not Only a speedier development, but also the pro- 
tection of the embryo withm die mother until a later stage than 
occurs anywhere else m the animal kmgdom. All typical mammals 
arc also characterized by having a division of labour amoi^ their 
teeth (masors, canmes and gnndcts), which only occurs ekewherem 

one extinct group of reptiles. ^ 

Ttese diffiimt steps took fJbee at difoent geolopal 
daef &C6 aie show graphically m Bg. 82. wludi also indicates the 
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ptobable lelabonsbip of tbe mam groups, and their relatire impor- 
tance at different penods. 

One or two mtecestmg pomts emerge. The fishes have continued 
dieir unabated success, as die most generally successful group of 
water-hvmg animals, firom very early times up till the present, they 
hardly compete with mammals or birds But ^ amphibia had their 



Fig 82 Diagram to show the succession of the five mam vectebzated 
classes m geological time The approximate length m yean (deduced fi»m 
ndio-acbve mmerals) of the three mam epochs is given on the left The 
dudmess of the blade columns for each dass iqnesents roughly its abun- 
dance and dominance (Probably those for fidi and am pTiihian. should not 
contract m the Mesozoic to less than thar final thickness, and that for die 
rutiles should conttact much more mtensely at the dose of the Mesozoic ) 
(Newman, Vertebrate ZeoJegy^ 1920 ) 

hey-day, and sank with the rise of reptiles, the reptiles had a still 
more marked and more remarkable period of drtmmanrf ^ ^ mtlmg 
with reptihan collapse and avian and mammalian advance, and the 
non-human mammals are now showing the same kinrl of d ecr ease 
comadent with the nse of man Thus m the fossil record a succession 
of types is really visible, and the succession is defimeely one of lower 
by higher types 

There are, however, other Chordates beside these five 
Space forbids mention of some of the doubtful "poor relations” of 

















358 ANIMAL BIOLOGY 

the stock, and only allows the bnefest reference to the Tunicates 
Hiese latter are a degenerate group which have lost many of their 
distinctively Chordate characters. Their degeneration, as m the 



Rg 83 (senu-dmg ramm atic) Hicmclanioiphosisofasca squirt 
{Asadm). (a) The ftecHiwiinming “tadpole” larva, -with tubular 
nerve cord, w, dilated anteriorly to form the “brain,” b, vnth 
eye spot and balancing organ in Its wall Bdowitiiithetail, /,i5a 
well-devSloped*notodiord, nt, tn, moudi, leading mto pharynx 
perforated' by gill»shts, with food-en tangl i ng m ee h a n ism, e, 
(endostylej^ From the pharynx arises the gullet, leaning mto the 
stomach, si, intcstme, thus opens into the mande ovity, whidi 

in Its opens to the extcnor by the aperture, «,/, adhesive 
organ for fi«tion,'/», heart (b) Ihe larva has fixed The tail 

. IS the mouth and internal organs jare growmg 

round, ^s, gd^ts, tv, degeneiatingremainsof tail j[c)Metamor- 
phosis IS complete The animal is permanently fixed Tail, 
nqtocbord, ne^tube and sense organs have disappeared A 
if olift jranglmti^ &has bcen formed from the btamJ The pharynx 
and a»rinfn are i&h enlarged, and their apertures prolonged mto 
\ siphons, m, anus I 

ivalvemoUuscs, is due ti theirhavmg adopted thj method offeeding 
producmg currents an^ strammg off the food plarticles, thishaslcd 
a sessile mode of life ancd to loss of sense orgami and dimmudon ot 
. Many of them form Wonies by buddmg.^and have surprising 
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lowers of regeneration and dedifferentiation; they are hermaphro- 
lite. They have also lost their skdeton; indeed, each one of them 
possesses it as a free-swimming larva, and loses it and all the mam 
jense organs when it metamorphoses and settles down. They must 
have branched ofr, however, at a very early penod from the mam 
Chordate stem, and it is perhaps comforting to reflect that if they 
have lost their skeleton it was by then only a notochord and not a 
real backbone (Fig. 83). 

A related form, but one much closer to the ongmal pmmtive 



Fig 84 A mature speomen of Ampluoxus, fmm the left side <in, anus 
(not at the posterior extremity), aperture of the cavity surrounding 
thepharynx (cf sea squirts, Bg ^), c;tailfln, a, tentacles, actn^; as strainers, 
round the mouth, df, dorsal fin -with aowded small fin Tiys,Jr, e, eye ^ot 
on slightly dilated end of neural tube, to^*”, fiie26pan^ reproductive 

organs, m\ nt", m**, the 1st, 36th and 52nd mosde segments (m-yotomes), 
ndi, notochord running die whole length of the body, and thicker than the 
nerve-tube, ve/,^second strammg organ, at entrance to pharynx, ves, moudi 
<^wty, yf, ventral fin, the giU-shts are seen below die notochord from just 
bdund vet, to die 3ist muscle segment 


Choidate type, is seeu m Amphioxus. The most important things 
about Amphioxus are those whidi it does not possess It has nothmg 
that could be called a head, the merest apology for bram and distance 


receptors, no skeleton except a notochord; no heart, but only an 
ordinary blood-vessel which contracts rhythmically, a hver which is 
a mere unbranched podcet of the gut, no limbs, no reproductive 
ducts, the eggs and sperm simply bursting out through the body wall 
It is, however, -without a question a Chordate, as sho-wn by its 
notochord, its pharynx pierc^ by giU-shts, and its hollow nerve cord 
ninning along the bade instead of the belly. It too depends on arbfrcial 
currents for its food. It serves to remind us of a tune long before that 
oftheeaihest fossils preserved to us now, when none of foe Chordate 
stodr had reached a higher organization than fojs, and all foe highest 





4 ir <1 

types oflife—bird, horse, lion, dog andmmhimselg-Tmwtin mn p ‘ 
than a potentiality sluinhenog in ^ genn cells of htde Ampliimnfe ' 
Iikeaeatuiesui^sea(Fig.84). w >, > 

The next stage in vertdnate evolution of which we have any 
record is represoited by the Lampreys; but fheceis anenonnousgap 



Fig. 85 Deoticks of the dogfidi (a) Apicceof^slightif 

magnified, msur6cevicw;ttBCovwcdwididcnticte,llieuiK^ 

ptcr)edjngohIiqiidy«pwirds (s) A nog^ denude 
embedded in the skin, (c) A d^de in secUOD ^fheendiedded 

base,m the centre of vkd IS an apeitote by vdiidi hlood'Vessds 

and nerves enter p, Ae pidp avity, i, dentine, e, enamd 
between them and Amphic^. Tbe lamprey has already a wcB- 

devdoped brain, a niduneniary skull and backbone of cartilage as 
well as a notochord, “nose,” eyes and cats, and a proper vertebrate 

heart and liver. But they are still fer behind any true fish. They have 

nohmhs, no true jaws, no true teeth, and none of them have honfc 
They, too, like Amphioxas and its relatives, make but a very small 

groqi, a idle £[om the past. . l i. 

In thar life-history they shed a most interesting light on the 

evoluttonofthe thyroid gland. The lampem, as the lamprey slam 

is called, still obtains its food from a food current, in Ac 
as Am phloMis and Ae Tumcates. One of Ac giedal feature 

straining mechanism of all Acse Choidates is a groove 

endostyle tunniiig along Ae floor of Ae pharym^ which 
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sbckymucus This is forced forward by alia, round die moudi in two 
grooves, and along the dorsal groove back into the intestme. The gill 
aha are so arranged that all food particles strained oflfby the gdls are 
driven up to the dorsal groove Here they become entangled and 
stuck m die shme, and are passed on by this sort of movmg staircase 
to be digested m the mtestine. 

The lampem has an endostyle just hke that of Amphioxus, except 
that It IS rolled up m a sort of pocket under the phaiynx, and sends 
out Its slime cord ready made 

When the lampem Ganges mto thelamprey, most of the endostyle 
degenerates altogether But some of the cells of its dnct remain ahv^ 
multiply, and become converted mto a typical thyroid. This is a 
transformation that nobody would have been rash enough to guess 
at, if they had not been able to see it actually happen, and it is of 
mterest as showing the way m which one organ, no longer required 
by the ammal, may become converted mto another organ instead of 
disappeanng altogether This is foequendy to be seen Thebalanong 
planes— die paired fins — of fishes become supportmg limbs in land 
forms, die swim bladder which regulates a fish’s density and con- 
sequent distance from the suifoce becomes a breadiing organ— the 
lung, hair m man has lost its pnimtive warmth-retaicuiig fimcdon, 
and under die influences ofsexualsdectionhas become converted to 
an adornment 

A gap again yawns between the lamprey and the fish, although 
not such a wide one as that between Amphioxus and lamprey. No 
fish has a notochord persistmg at full size throu^out life, all have 
'Well-developed vertebra; and skull over-archmg die bram, paired 
limbs, scales and teeth. The trae jaws have appeared, and can be 
shown to have arisen by another strange change of function; they 
are denved from the firA pair of the bars of cartilage which support 
the gills and hold the pharynx cavity stretched as an open umbrella 
IS held out by its nbs In almost all fish, however, the upper jaws are 
not yet firmly muted to the skull as m all land forms, but only jomted 
on Teeth, too, have an odd history. The skin of dogfishes and sharks 
|Can be used for polishing, and whi^ prepared is known as shagreen. 
Its quahues are due to thousands of htde pomted scales sticking out 
fi®m its surfece. When these arc examined, each is seen to be nodiing 
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else but a miniature tooth £xed by an enlarged base. Before teeth 
served as teedi they were scales, and covered the whole sur&ce of the 
body. It was those m the skin coverii^ the jaws which were able to 
take on new functions, became true teeth, and eventually alone 
remained when all traces of the skin-denticles had disappeared (Fig. 
85 ). 

Iheie are two'main groups of fish— -the JBlasmobrandis (dogfish, 
sharks, skates and rays), which have never developed bone in their 


Fore-bram Wld-brain Hind-brain, 


Olfhctoru £nd Between 
bulb brain oram 


.ferebellum 'Medulla 



li / 4* 
pthiiton^ V Civil 


Rg 86 Hie biam of a dogfish (Squalus acmAias), from the left side The 
cranial nerves ate marked vndi Roman numerals (rvandviaienotdiovm). 
fTL.^ U«M«M wanrifie CMItM am TTl&rkcd 3S fi}D0WS» 


Xac p«4l9 Oi WC oaia wovcutcu waua vai.Avu» 

smell, coarse dots, aght, crosses, hearing, balance and lateral line organs, 
broto oblique h^, touch and other don senses, vertical lines, taste and 
odierstimuhfixim viscera (giUs, stomach, etc ),honzontalhnes Themotor 
nerves to gills, stomach and o&cr viscera ate marked m black and white 

rectan^es. 

skeleton, and the Teleosts or higher bony fish, comprising all the 

femihar speaeshkehertmg, sole, trout, cod, sea-horse and fiymg-nsh. 

The former are primitive in a great many ways, k one resp^ 
however, diey are better cqmpped than the Teleosts 

laree-yolkcdeggs, well protectedmhomy capsules (the 

Pmses" one picks up on the seashore) or even m Ae oviduct of tte 
mother, while the latter lay their eggs before fertihzatioii, tad ha 
to produce vast quantittes of them m order to ^ 

mevitable wastage during their tiny and ^protected • 

isprobable that tbs one speaahzauon enables 
compete not too unsucccssfiilly with die Teleosts. Their brain 
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87 Two deep-sea anglet^Sshes, to show dieir extraoidmaiy structure and 
thar adaptations to dicir mode of life A Lttwphryne tahonftr (about 3 m long , 
fiom6oo metres, m die Atlantic) Tlie fish has a large lununons lure or bait on 
Its snout, by means of which it attracts inguisiQve animals to withm snappmg 
distance llie huge barbel on the lower jaw is probably tactile, hke a cat's 
whuhers b Lcrngfia^us saccostoma (3 in long ; fiom 4,000 metres, m the 
Caribbean Sea) The lummous lute is here on a long, movable, jomted stalk, 
which terminates m three hooks Apparently die whole apparatus is used like 
a baited rod and line The moudi is fiinged with long bnsde-hke teeth, whidi 
prevent the escape of the prey (probably Pteropods or Crustacea) 
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(fig. 86) is veryprimitive, evcEwhoiconipared-witlitliatof the frog. 

the smallest frsh are under an inch in l^th, the largest is a form 
of shark which may reach 40 feet. 

fish have evolved into the most extraordinary forms One could 
■wnteawholechapteron“Funnyfish”— pipe-fish, sea-horses, nhbon- 
fish, sun-fish without a proper tail, cow-fi^, fiying-fish, parrot-fish, 
porcupine-fish, electric-fish, the fiat-fish which fall over on one side 
as they grow and twist both eyes over on to one side of the head, 
the remora with a sucker on its head to attach itself to its hviug 
locomotive the shark, angler-fish, deep-sea fish with eyes on long 
movable stalks, or with mouth as big as the whole body, or widi 
rows of red and white phosphorescent hghts like a liner at sea fish 
are the finminaiit group m 4e waters, and have become specialized 
to fill every available niche fig. 87). 

One group of freshwater fish, the lung fishes, arc able to survive 
a Inng scgoum in the mud when the ponds and streams dry up. This 
they do by extracting oxygen from the air taken into their swim- 
bladder, which thus acts as a lung when needed Thus, these creatures 
pardy bridge the gap to terrestnai life (Rg 88). 

In die structure of the limbs, however, a great gap exists betw^ 
fi^h and amphibians . No fish has anything but fins, no amphibian 
anything but legs equipped with fingers and toes. Again, just as the 
thyroid gland was evolved from the remains of the cndostylc whm 
this ceased to be of use, so anodier duedess gland, the parathyrciid, is 
not found in fish, but only arises out of the debus of die giU-shts 


when the vertebrates took to land. 

The Amphibia need not detain us long. They ate in a certam sense 

a compromise between life in water a^ life on land 
existing amphibian is the giant salamander, which may reach 4 teet, 
though the Amphibia as a group average 6 inches or less However, 
in the Carboniferous period, when they were the only land vi- 
brates, die average was much higher, and forms ow 6 ^ 

existed; but all these disappeared as soon as the reptfles entei tne 
field. One other point deserves mention. The Amphibia arc the tost 
vertebrates capable of producing vocal sounds 
The reptiles were the true conquerors of the land. ^ " J j 

they owcchieflytotheirdry.strongskin. and thecvoluttonofsp^^ 
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Fig 88 Vanous lung fishes (Dipnoi) (A}Ceratoiius, 
with wdl-devdoped fins, fi»m Queensland (sand 
c) Frotopteius and Lqadositen, fimni tropical 
Afiica and South Amenca zespectivdy, with xe> 
ducedfins In all, note the absence ofstreamhning in 
thebodyand the wide sepaxation offoie> andhind- 
lunbs (d) Frotopteius asstiTating in a buirow in 
mud in the dty season It has enclosed itself in a 
flask'-shaped membrane of slime whidi has hard- 
ened on drying, and has an aperture for air leading 
mto the mouth Between this membrane and the 
fidi's body IS a layer ofsofishme (mucus) (nandF) 
Larvae of Protopterus and of Lepidosiren, seven 
and thirty days after batching respectively. Note 
die wdl-devdoped external gills and the general 
resemblance to the tadpole of a tailed amphibian 
The rudiments of die limbs are presented as long 
cyhndncal outgrowths (Newman. Vertdirate 
Zoology, 1920 ) 
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membranes helping the embryo to hve away &om water in a large- 
yolked egg. The allantois, &om which placenta afterwards 
developed, is the embryo*sbreathing organ the ammonis aprotecbve 
water cushion, enabling the soft embryo to devdop mfluid, protected 
firom pressure and contact (Plates 10, 11) 

Li their hey-day the reptdes rivalled the present mammals in size 
and variety of specialization. Besides the esostmg hzards, snakes, 
crocodiles and tortoises, there hved m the middle and late Secondary 
period a whole senes of remarkable types. There were mammal-likc 
reptdes, equipped with several difi&rent lands of teedi, and able to 
run like a typical quadruped; flying pterodactyls (Bg 89), at least 
two types which gone back to the sea, the ichthyosaurs, which 
more or less resembled whales (and produced their young ahve, as a 
specimen m the South Kensington Museum testifies, with a brood 
of embryo skeletons between its nbs), and plesiosaurs, with great 
flexible necks, creatures which must have loo^d very much like the 
average man’s idea of the sea serpent; and, finally, the most successful 
group of all, the dmosaurs, mdudu^ rapid runners on two legs, 
hvmg “tanks” covered with armour-plate, great semi-aquaUc herbi- 
vores like Diplodocus (Plates 20 (ni), 21), some of which grew to a 
hundred feet long, and the biggest carnivorous creatures ever known, 
such as the Tyrannosaurus, which stood over 20 feet high, and no 


doubt hved upon the gigantic vegetarians. 

The end of the Secondary penod comes, and with the bcgmmng 
of the Tertiary the pnde of the reptdes is humbled. More than ^ 
the groups, and those the most advanced, no longer exist, those t 
are left are already playing second fiddle to the early mammals an 

birds , , 

What brought about this revolution is not certam PossiWy an 

alteration of climate cut down the available food supply and gave 
advantages to smaller aeatures capable of temperature reg^tion 
There can at least be no doubt that temperature regulation and better 
provision for the young, both before and after bi^ or hatc^g, 
die two progressive features m wbch birds and mammals chiefly 

outdistance their ancestors, the reptdes 
In the case of birds, we luckdy have come to possess 
links” between reptdes and modem birds. In the mid-Secondary, 
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iJiere lived a creature called Archsopteryx— “earliest willed crea- 
ture.” It was an undoubted bird, ^r it possessed feathers and obvious 
wings But its jaws possess a good complement of teeth, the wmg is 
still extremely primitive m possessmg daws on three of its fingers 
(by Tneans of which it no doubt crawled like a bat among the 
branches), and its tail is not a fim as m all hving birds, but is more like 
thatofalate, with a lougjomted skeleton, andfealheis branching off 
on either side all the way down (Fig 89) 

Fossil birds found m strata ffom the dose of the Secondary already 
possessed the modem ^-like tail, and had lost the daws on die wmg; 
but they all still possessed teeth. Toothless birds only appear with the 
Tertiary penod. 

Fhght, high temperature (over 100°, sometimes as much as 105° 
Fahrenheit), air sacs and hollow bones, nest-buildmg, bright colours 
and daborate courtship, song, and the care of the young— these are 
the chief characters of modem burds They owe dieir success duefiy 
to one smgle character— the evolution of feathers. These in the first 
place keep down radiation and so allow of a high body-temperature. 
They also permitofthe fore-lunbs alone bemg used m flight Thus the 
hmd-hmbs are left feee to devdop along their own lines, instead of 
beu^ used up, so to speak, as one of the supports fer a wmg mem- 
brane, as occurred m the extmct flymg lizards, and occurs today m 
the bats. The air-sacs not only hghten the body and hdp m breathing, 
but are used to streamline the body so that it of^ least possible 
resistance to rapid passage through the air In die same way, most of 
the fuselage of an aeroplane ody serves for streamlining, not for 
carrymg passengers or goods 

Birds are on the average notably smaller than mammals. This is 
due to purdy mediamcal aeronautical limi tations too comphcated 
to discuss here, as a matter of hard fact, the largest birds capable of 
flight— swans, vultures or albatrosses— weigh well under 50 kilo- 
grams, while the weight of the great m^onty is to be redconed m 
ounces or even grams, the smallest hummmg-birds weighing a htde 
under 2 grams 

It IS mterestmg to compare the success of reptiles, birds, and mam- 
mals m different zones of the earth’s surfece. Reptdes have the 
temperature of their surroundings; conse^uendy dieir activity is 
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somewhat mote than doubled for eadi rise of 10** centigrade, hi the 
Arctic they could scarcely ever be active at all, but would have to 
exist m a state of almost continuous hibernation, and there are m 
point of &ctno reptiles m the Arctic In the temperate zone they must 
waste half their life hibernating, and even m the summer cannot 
compete m activity with a warm-blooded creature; so here reptiles 
are few and small. In the Tropics, however, their average speed of 
hving is more nearly that of a mammal, and diey can be active all the 
year round; m the Tropics, therefore, reptiles are more abundant and 
of greater size — crocodiles, iguanas and odier large lizards, giant 



Fig 90 A female dudc-biU platypus {Omithorhyn^ 
dius) suckimg its young Hie young aie hatdied 
feom eggs The modier has milk, but no teats, she 
theieferehes onherback, and die young lap up die 
milk fiom the saucer-shaped dq>xession mto whidi 
the milk glands open The mother is supporting 
one young with her left fbre-feot (Newman, 
Vertebrate Zoology, 1920 ) 


turdes and tortoises, boa-construtors and pythons are all tropical 
(Plate 22). 

Mammals, owing to merely methamcal reasons, can attain to 
larger sizes t han birds On the other hand^ diey cannot move readily 
from one rone to another. So it comes about that m the Arrttr the 
birds are the dommant vertebrates, because they can leave m the 
winter, Arctic mammals are few, and almost all of tbpm (hke seal, 
walrus, polar bear and whale) are entirely or chiefly aquatic. The 
mammals on the other hand are the dominant group m temperate 
and sub-tropical regions 

There ate one or two pomts m connexion with the evolution of 
mammals that are worth mentioning here 

What feathers have been to birds, hair has m part been to 
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mammals , liauT and milk together are the mammahan diaracteristics 
par excellettcct hair permitting a constant temperature, milk implying 
a long penod of care of the young after bi^ Ebir and milk have 
given mammals the victory over reptiles. Butvathin the mammalian 
stock itself progress has depended chiefly on two other &ctors — 
brain and pre-natal care. 

There are three grades of pre-natal care to be found in die single 
class of mammals. The duck-bill platypus (lig. 90) and echidna lay 
eggs like any reptile The Marsupials, such as the kangaroo and 
opossum, nourish their young withm their uterus; but the mechan- 
ism is not elaborate enough to pomit of its being e£fective after the 
embryo has grown to a comparatively small size. To meet this 
difficulty, the pouch has been evolved The embryo is bom very 
small and very unformed (a new-born kangaroo is less than 2 inches 
long, naked and blind, the limbs not yet provided with fingers). It 
can, however, crawl into the pouch; there it becomes glued to the 
nipple until it reaches a stage more or less similar tx) t^t at whidi 
hi^er mammals are bom, thenbecoming detached, butstiUspendmg 
its tune m the pouch. 

The typical or Placental mammals, on the other hand, while still 
retaining die milk diet for their young after buth, all possess die 
wonderful aiiangement known as the placenta, by mp-anj; of whidi 
a huge network of blood-vessels formed by the embryo mmrlnrTrc 
m the wall of the uterus with a similar network formed by the tnf« ^h^^»^. 
By this means, although there is no actual passage of blood ffiom 
mother to embryo, pnffict mterchange and nutrition is provided, 
and the embryo can be protected until fiilly formed. Li some whales 
the young arc retamed withm the mother’s body tiU they are over 
20 feet long 'Whales, bemg aquatic, can attam to much greater siyfj 
than any terrestnal animal They mdude by fiir the largest ammaU 
which have ever existed, at least twice the bulk of the largest 
reptiles They also show mterestmg traces of diwr ongm from land 
forms m vestigial hmd-limbs (F^ 91, 92). 

The Placentals have become as dominant over the Marsupials, 
w'herever the two groups have come mto contact, as the wammalc 
over the reptiles. Only in Australia, which was cut off from the 
rest of the world by some earth movement after it had received 

U ST — V 
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an invasion of Maimpials but be&re it bad been readied by any 
Plaicentals, are die I^iaisupials dominant*— because vndiout placxntd 
competitois. 

It is ray interesting to find that die Australian Marsupials have 
evolved into agreatmany forms notfound eilsewber^ wbetberfiissil 
or alive, and tbat the types evolved are often superficially very 
siwiiTar to those of Placental mammals. There is a marsupial ivoli^ a 
marsupial mole, the vrombat is like a cross between a badger and a 
bear, some of die phalangers are not unlike squiirels. 

The kangaroo, it is true, is of very diiferent construction from any 



Re. 92. Sulphnr-bottoni whale (Bixtowpfcw sulfhiam), 87 feet long, wifli 
die giff phant ‘ Jumfao” {Loxoionti ^hcatu), Ilf feet h%h, davni to 

scale. (LaQ, Organic Bfohttm, 1922.) 


large PlacentaL It has filled the niche of herbivorous quid-moving 

animal, but has filled it in a different way firom horse or deer. 

There are, infect, die same niches to be filled the world over, and 

different types mayfillthcminTPayssttpcificiallyalikcorsuperfidally 


difly rfftif- 

Then there is brain. This has played its diief role m die inte^ 
competition which took place in the Placcnials. Thro^hout me 
Tertiary period new lines of evolution were being develops witn 
great rapidity. The upper limit of arc was bong increased (a^ for 
instance, in the evolution of the horses, the dqihants, 
the great cats), and phyncai specialization, especially of twdi an 
limbs, was being perfected. Both size and physical 





Fig 93 To illustrate Uicmoease in idative size ofbiamduniig the evolution 
of die mammals The biains on the left (zeconstnicted&om casts of die mtenor 
of the shill) ate those of mammals &om the early Tertiary penod. Those on 
the right are those of hving mammals of about same total bulk. The two 
brains of eadi pair are drawn to die same scale. 

Arctocyon (apnimtivecamivocoasfotm) A Dog 

Fhenacodus (a pnimtive ungulate fbtm) B Fig 

Coryphodon (an extract heavy herbivorous type) c Bhraocetos 
Uutathenum (related to Coryphodon) o Hippopotamus 

Ihe modem brains, in addition to then mexease m absolute size, diow an 
alteration of proportions, the ol&ctory lobes bemg teladvdy rather smaller, 
die cerebral hcnuspberes relatively mudi larger 
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therefore, Ac limb bones mmt become rehtively larger 

mg absolute size until they finally grow so unwieldy that size no 
longer pays. A rhmoceros or an el^hant is near foe upper margin of 

size mechanic^y permissible wifo advantage to a laud animal As 

reg^ds specialization, foe leg and foot of a horse or a deer, or foe 

teeth of a hon or a cow, could not be much better adapted to their 
functions foan foey are now. 

But, if foe instruments at foe animal's disposal could not be 
improved, foe methods of ufoig foem might be—and fois is possible 
by an improvement m foe structure of foe brain. Ihe figure on 
p. 373 may be left to speak for itsdf (hg 93). 

The final changes which led to man's evolution seem also to have 
beenpnmanlybram changes (Rg. 94). Probably, foe first divergence 
of foe future human stock from foe ordinary land-living mammalc 
came when some shrew-hke insect-eating animal took to living jn 
trees From some creature like this foe lemur type probably deve- 
loped, from this agam foe monkey type. From foe old world monkeys 
foe true apes have clearly descended, by loss of tail and increase of 
bram power, and there is no doubt that from some creature which, 
though not any of foe aostmg apes we know, would have to be 
classified in the same group with them, man finally evolved True 
apes, like foe chunpanzee, are very intelligent and cducablc (Plate 23). 

Taking to foe trees appears to have been foe necessary prehnunary 
to this long evolution This put a premium on accurate vision and 
movements which had to be complicated and ac ciii yte if foe creature 
was not to ftU and lose its life, while foe ordinary land mammals 
contmued utdiza^ smell more foan sight, and turmng foeir hmhs 
mto mere supports and running organs. 

Only m foe trees will there grow up foe practice ofhandlmg objects 
carefully, and checkmg the results by car eful examination with foe 
eyes, and this eventually led to foe devdopment of a true hand and 
to foe manual skill of human bongs It is mteresting to find that the 
parts of the biam connected with sight and manual dexterity increase 
m size as we pass ftom lemurs up through apes to man, while foe 
centres connected with smdl decrease very much in relative impor- 
tance (Fig. 94). 

But physical acquisiuons react upon foe mind. The monkey has 
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Fig 95. Various Eolithic and Palseolithic flint implements, showing di&xe^ 
types used for dificrcnt purposes, and various degrees of shaping and flmsa. 

power of examimng an object accurately by touch and sight As is 
always the case, it is pleasant to indulge a power tbt we possess, 

.J t 1 1 rj.^«....w.r..nr/liTi9nrcunOSlCy 
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but if It could be harnessed to the needs of (he race, it might yidd 
the most valuable results, and as a matter of &ct dus cotiosi^ was 
the necessary basis of all man*s philosophy and saence. 

Man himself in all probabihty developed in some temperate and 
comparatively tredess region, where the surroundmgs forced him 
down out of foe easy retreat afforded by foe tree tops, and compdled 
the development of skill, foresight and reasoning power to cope with 
foe animals that Were his enemies and those which, in foe absence of 
foiits, he would have to use for food. The rest of the ape stock 
remamed m its tropical forest home and was never forced to develop 
further. Remains of a real hnk betwem apes and men, the Pithecan- 
thropus, have been found in Java. In foe eather penod of human 
existence, several speaes of man, some defontely more simian, than 
any types known today, were evolved (Plate 24) . But today only one 


speaes survives 

Man probably onginated m the Phocene To discuss foe detailed 
development of man is outside the scope of this book. We may 
mention that prehistoric man is known chiefly by the stone imple- 
ments which he has left behind (Fig. 95), m these a slow but gradually 
accelerated progress is found with foe passage of ome (Fig. 96) He 
had to survive foe Glacial penod, an unfovourable environment 
which probably served to sharpen his wits; and only about ten 
thousand years ^o at foe utmost did he discover foe use of metals or 
the methods of regular agnculture 

In conclusion, smce mevitably our mterest will centre on foe 


biology of man, we will end this chapter by recapitulating what we 
have learned of evolution with specM reference to those steps wifoouc 
which human development wouH have been impossible. 

After foe development of foe cell, and foe ongm of sex (which 
made vanation easier when needed), the first necessary step was foe 
aggregation of ceils to form many-celled organisms, without 


neifoer convement size nor suffiaent division of labour would have 


been possible The next steps were precisely those of incxeasmg total 
size and mcreasing fovision of labour among foe organs 
First came the establishment of two and foen foree main layers 
with difierent funcnons, and at foe same time foe inrreanng impor- 
tance of foe head end, due to bilaterahty and the formation of a 
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nervous-system with a dominating region or primitive btam m 
&>nt The development of blood-system and ccdom obviated the 
need for branched organs, and made much greater size possible 
Segmentation agam mcreased the possibihties of division of labour 
Inneased size made necessary ^eaal organs such as heart 'and gills, 
while more rapid locomotion was only possible if better sense organs 


tiu’p • 1 iSaSsfeSn 
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Rg 96 Diagram to show the probable history of man, as revealed by 
fossils and implements, from the end of the Phocene An approxunate 
time-scale in years is on the left Note the enormous length of 
PalscoUthic culture as compared with all subsequent cidturw (Neohtiuc, 
Copper, Bronze and Iron Ages, and historical period) 

andbetter nervous co-ordination was brought about Ducdtf s ^ds 
made possible a new chemical co-ordination, especially valuable m 

T^^e^ergcnce from water to land provided a new frecdon^ 
temperature regiSition made hfe stable and was an absolute neccs^ 
for any dehcately adjusted mental life. The devdopment of a com- 
plicated bram with emotional moods contiollmg acflon, ^ " 

Lpnecessary between the sexes, and out of this has d^^^^ 
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of our sense of beauty. The need to develop out of water produced 
the reptihan egg; and die further prevention of waste of m&nt life 
was brought about by the intemal development of mammals, permit- 
ting the young organism to come mto the world at a greater size. As 
the mechanical efficiency of the organs of the body approached 
perfection, an increasing premium was put upon more effiaent ways 
of usmg the organs— m other words, upon bram power. The most 
important development m this respect was improv^ power of learn- 
ing by experience Buttoleamby expenence, dieyouth of the species 
must be protected and sheltered, hence the extension of parentd care 
to the young for ever longer penods after buth, and the co-operation 
of both male and female parent m these duties. Out of this sprang the 
ffimily, and the constant association on a common task doubdess made 
the need for communication more urgent, and so was a necessary 
step towards speech Then came arboreal life, and the development 
of dexterity of movement; of the examination of objects by toudi 
and sight, and so of curiosity. Then the re-descent to the ground, with 
necessity fo;r great sdJf-rdiauce and skill, and the harnessing of 
cunosity to be the basis of organized knowledge; with necessity too 
for more co-operation, and hence of speech, dirough which alone 
organized soaety became possible. 

This brief sketch will perhaps give some idea of the strange senes 
of processes, many of them apparendy unconnected, which We yet 
been necessary for human beings to arise, and for mental activity to 
become the contcollmg factor m evolution 

In conclusion, it should never be forgotten that nign is, biologically 
speakmg, qmte young. The half^milhon or millio n years for which 
he has been m existence constitute but a small fraction of the rimo 
which the non-human mammals, for example, took to reach 
highest perfection. 
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ACIIVATIOK, crating toaetioa,8^ecidlyt 


ADRENAL BODY (L ad, near, fm, tadner), 
a dncttes gland attaeiud m mammaJs) 
near fbe tm of each kidney, denved partly 
(the mednlb) fnom cells mmted frra tse 
nemal oest, and partly oortez) fioni 
cells doady dhed to those fnmi srinch the 
iqnodnctfve system » fimned AnszHA* 
un, the aecKbon from the xaeduUa Also 
called SonussiUL Cakhu 
AFFER^T?^ tomids. M I eazty), 
canymg tomids. aaetsat (aensory) 
nerves cany impulses to the eentnlnovoia 
mtem. 

ALBINO (L Mus, white), an organism with 


anemonCq v},azansoi»stitnteUieesaeB> 
faal portions of nerve^hies 
BACIBRIA fsmgidai^ Bacxbbiuk), 
Peuepipi^, little stiaOf eairemdr small 
arndMilled idanmt idim to Fkma 
BILE (L bOu, We), a Ha^ eon^ Add, 


BIOMETRY (Gr fiiat, hie, p/hpor, measnr^, 
the appheabon of mathematadeonwotailDa 
to UfO'piooesses, eqieaally as legatos vans* 


turn and hendify 
LASTOMBRB (Gr fiKmit, mbijo, pi 
part), one of the calls prodneed as the n 
of the eeanentatnn of the ferdbzad egg 


BLASTOMBRB(l 
part), one of tin 
oftheseonenta 
BLASTOFF ( 




i,enibiyo, ftfpos, 

leedastheiendt 


endayo, 



heart It conapiises theqyn^atheticaadthe 

Muasyma thetiesystenB (q v ) 

LXON (® axis), the mam outgrowth ot 


PtAGBUUSt) 
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CLOACA (L eleaea, a sever), a canty m 
some animal* iBto «hich the intestine, 
cicetetoiy ducts, and iepioducti\e ducts 
disdiaixe 

COELOM (Gr koAio. the beU}). the mam 
body easitv in which the gut is usually sus 
uended It contains a cdlouriess fluid 
CONVERGENCE (L con, together, vago, in- 
cline}, the n olution of simiw fonn or struc 

tore m unrelated orgamsms, as the result of a 

cimiiar mode of life, and not as the result of 
inhentance from common ancestots 
CORPUSCLE (L cwpiaculum, httle body), a 
name given to some cells, such as blood 
coipusdcs (Seep 187 cfscg] 

CYTOPLASM (Gr «tw, %essel), the proto- 
pl-ism of a ceu, excluding the nucleus 
DEDIFFERENTIATIOX, the process where 
b> speoalixed cdls or tissues lose their ehar- 
actenstics, and become simple (undiSerenti- 

.. . 

DOMINANT When one form (allelomaiph} of 
a her^tary factor masliS the effects of 
another fonn of the same factor, when both 
ve present together, the first is called dom- 
inant, the seo^ recessn e 
ECTODERM (Gr eienf, outside, Scpna, skm), 
the outer of the Gexu layers (q v) pro- 
duced m earh development From it, m 
higher forms, are uroduced epidermis and its 
products such as hair and feathers, skdeton 
of ^hropods, etc , the nenous system, 
sense-oigans, and nepbndial excretoo 


I (L. ^en, to accomplish), oigans 
whose function It IS to hbeiateenog} or pro- 
duce material on behalf of the oqpnism— 
e g muscles, glands, electnc and phosphores- 
cent rugans 

rrFERENT (L ex, out, /cfo, 1 cany), cany 
mg away from e g efferent (or motor} nerves 
cany impulses outwards from the central 
nervous system 

ENDOCRINE SYSTEM (Gr iiim withm, 
Kpnmv, to separate), all the tissues of mtemal 
secretion , the ducura glands 

ENO0DERM(Gr tetm withm, flepno, skm, 
membnue), the inner of the Gemi-layers 
(q v 1 produced m Metaxoa during early 
development From it, m higher forms, are 
produced the hnmg of the gut and of the 
digestive glands, and, in vertehrates, the 
lungs, most of the lining of the gill shts, 
thyroid, thymus and parathyroid 

ENljOSTmA (Gr (i&n, withm, vrSXev, pil- 
lar), a ohated glandular gtoovem thefioor of 
the phaiynx m Ampbimus, where macns is 
formed m which food IS entangled Thethj- 
t^ gland of higher Vertebrates is denvM 
from this 

TNZYME (Gr tr m, ^ipq. leaven), one of i 
grotto of subbtinces in the body which bnnc 
ibottl, or speed up. a particwar chemical 
reaction 

EPIPHYSIS (Gr engine,), the bony disk or 
pad, denved from a sepmte centre of o»i 
heation, found at either extiemitv of hmb 
braes and vertebrae At matunty, the epi- 
physes become fu<ed with the mam bodv of 
the brae 

EPITHELIUM (Gr cin, upon, 0qAq, teat), a 
sheet of tissue, one or more era layers thidi, 
coienng or hung a surface 


ERYTHROCYTE (Gr tpsBpn, red, xuns, 
ceU), a red blood-corpusde 
EXCRETION (L txcretus, separated out), the 
process bywhich waste products are removed 
from the body 

EXTENSOR (L extendo, I stretch out), a 
musde or muscles that straighten a 
}omt 

EXTEROCEPTOR (L exUr, outside, eaptre, 
to take), receptor organs affected by changes 
outside tbfe body 

FACTORS, of Hoedity (See Genf ) 

FAECES (L grounds}, the unutilized residue of 
the food m the gut 

FLAGELLUM (L whip), a mmute extemal 
whip-hke process of c^am cells, capable of 
active movement When sudi processes are 
small and aumerous, they ate called Ciua 
( q V }, If few, or single, Bs^a 
FLEXOR (L /Mfo,Tbend}, muscles that bend 
ajomt 

GAMETE (Gr yopfrovi spottse), one of the 
cells whieh umte at fertilizatira to form a 
sygote Gametes are usually distinguishable 
mto male and female 

GANGLION (& ysyyAiBv, swdimg), an 
aggreg ation of nerve era-bodies 
GASTRULA (Gr yawnip b(%}, the stage of 
devMopment m muHicdlular nwinah when 
the embryo is a two-layered sac surroundmg 
the pna^e gut, with one opening, the 
blashqiote 

GENE (Gr yriwc, oagm). the Menddian umts 
m the germ plam which control the appear 
ance of defimte characters m the oBspnag 
heieditatv &ctois which segregate acemding 
to Mendraan prmcipls 
GERM-CELL A reproductive cell, or one 
which will give nae to reproductive cells a 
cdl which IS not somatic ^SeeSoKA ) 

GERM LAYER One of tte fundamental two, 
or three, layers of cells which appear earlv in 
the development of muItioeUiuar animals 
All multicellular animals have two, ectoderm 
and endodetm, most groups have also 
mesoderm 

GERM-PLASM The sum of the hereditarv 
factors, that part of the organism whira b 
transmitted to its descendants m reproduc- 
tion 

GLAND (L gfsHs, out), an organ whose duef 
function it IS to secrete or excrete some 
special substance 

GONAD (Gr >oiw, reproduction), an organ of 
sexual rraroduetim (ovary or testis) 
HAEMOGLOBIN (Gr elfta, blood, L gkbus, 
a round, hence gloMm, a proteid), the red 
colouring matter m Mood, concerned with 
the transport of oxygen 
EERhlAPHRODlTE (Gr 'Epnqc the god 
Hermes . 'A^poStiq, tra goddm Aphrodite), 
bavmg both male and female rei^octive 

HISTOLOGY (Gr lerot, web, Aeyor, dis- 
course}, the study of tissues end types of 
cells m plants and aninuds 
HORMONE (Gr epnou, I stir up), a secretion 
which cuculates m the body and influences 
organs and tissues other than those from 
which it was produced 

RYDRANTH (Gr vSpa, water«erpent aidnr 
flowctl, the fiovier-bke mdivrauvN. with 
nutntive function, of bydroid colomes 
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n^BIT (L %nhibeo, I pievent), to check 
The inhibitory action of nerves reduces the 
activity of muscles or glands 
INSULIN (L mtttbi, an island), the mtemal 
secretion of the pancreas, nnduced by scat- 
tered groups of cells called the islets 
Langerhans Insulin is necessary for the 
utilization of sitgar by the tissues Lack of it 
causes diabetes 

INTESTINE (L ttiiesttnus, withm), that part 


IS abmbed and the undigest^ residue con- 
verted mto faeces 
KILOCALORIE (SeeCALOKn) 

LARVA (L larva, ghost, mask), a stage m the 
development or some animals, when, after 
hatching from the egg, they an self-support- 
ing, but very difiercnt m structun and mode 
of life from the adult, e g caterpillar, tad- 
pole 

LEUCOCYTE (Gr Afuadc, white, niros, 
vessdh a white blood corpuscle 
LINKAGE The tendency of certain genes to 
remain together from generation to genera- 
tion, mon Aemiently than would he mc- 
pectM on sioque Mendehan prinaples^ be- 
cause they an situated m the same chnmo- 
some 

LYMPH (L tympba, water), a colourless liquid, 
containing ootpusdesy cuculatmg m the 
bodies of vertebrates LvunuTies, the 
sptem of vessels which oontam lymph 
MAMMALIA (L ffioffima, breast), the dass of 
vertebrate animals whim suckle their young, 
andpossesshair 

MEDUSA (Gr M^toiwra, the Gorgon), a name 
raven to the mam fm swimo^ type of 
Cadenterat& the jelly-fish (See POLY?) 
MESENTERY (Gr /icinw, middle, empov, 
intestmes), the double membrane^ containmg 
nerves and Uood-vessds, whuh supports and 
keeps in place the gut m the body cavity 
(coelom) 

MESODERM (Gr fuerov, middle, Mpitot 
skm), the middle of the three germ-layers 
lamed m the early devdopment of most 
Metazoa From it am denved, m higher 
forms, themusdes^ the blood and arculatory 
system, the connective tissues, the codom, 
the repioductive organs, codomoduct excre- 
tory organs (c g vertebnte kidneys), and, m 
Vembrates and Echinodeims, the skdeton 
METABOLISM (Gr fivTofioAit, change), a 
general term mduding all the chemical pro- 
cesses wluch take place m a hving organism 
METAMORPHOSIS (Gr /unueppia’tt, trans- 
formation), a rdativdy abrupt chmge m 

mi^^^^different stnetun and mode of 
life The change &om Lakva (q v ) to adult 
MITOSIS (Gr pirev, thnad), the processes m 
typied nudear division, m which the Chko- 
uosouES (q^v ) appear as thread-like bodies 
Also called KARYOKINKSIS 
MODIFICATION A non-hentable vanation 

in an organism, produced by the action of the 
environment, or by the use or disuse of parts 
(See abo MuTAnoK, RECOusiKAnoir ) 
MORPHOLOGY (Gr fiap^, form, Anyas, dis- 
couzse),the study or structun and form 
MOTOR (L wMfiu, motion) (See Epfexxiit ) 
MUTATION (L mutalM, change), a sport or 
Tonety, which appears suddenly owing to a 


diange m the hereditary congHiiiimn g 
varwtion in an organism which appears sud^ 
denly and is inhcntcd (see also MomncA- 
noH and RxcoMmxAnoN) Most 
affect angle Genes |q v ), otbets an due to 

rltn AMrliAiMa AH —f ^i_ _« 


Somes or sets of ehtomosomes 
NEUROBLAST (Gr peSpop, smew, fiAams, 
germ], an embryomc cell of nervous ti^e 
one of the cells &om which Neurons (q v ] 
anurmed 

NEURON (Gr vevpov, smew), a cell unit of the 
nervous system a nerve cm with all its pro- 
cesses, mdudine the Axon (q v) or necv^ 
fibm spimgmg nom it 

NOTOCHORD^r vATOi>,badc,xopt^,Btimgj, 
a rod of cells in all vertebrate embryoa which 
IS the precursor of the baddxine, and whieh 
m some lower Chordates (a g Amphiozns, 
Lampr^ persista throughout life 
NUCLEUS (L a kernel), a specialized part of 
the protoplasm m the mtenor of all typical 
cdls , it is rich m chromatin, and contains the 
ditomosotnes It is essential both tor nuta 
holism and heredity 

ORTHOGENESIS (Gr Iptit, straight, 
Y^waw) descent], evdution m a demiite 
diteetkm 

OVUM (plural. Ova) (L ovum, egg), a female 
gau^oreK 

PARASITE (Gr napaaintt one who feeds at 
another's table) an aumal or plant which 
hves and grows upon another livmgotgamsm, 
and gives notbiiig in ntum 
PARJ^YMPATOEnC SYSTEM (Gr irepe, 
beside -f sympathetac, qv], pm of the 
Autonohic Nervous Sysicu (q v ) chie^ 
concerned m the stimulation of musdes and 
glands cenneeted with vegetative activiba 
uke digestion, leproductaon, etc., and to the 

inhibition of processes concerned With violmt 

action of the organism os a udude (See 
Sympathetic) „ 

PARATHYROID (Gr vopo, beside + thynld, 
qv), a small ductless gland, situated near 
ue thyroid, which controls the calaum 
metabdiinn of the body , , 

PERISTALSIS (Gr «pi»v<AAw, I constrict), 
rhythmic waves of contraction and reiava 
tlon of the involuntary muscles of the g|Ut 
and other tubular viscera, whidi force the 
contents along tbo tube 
PHAGOCYTE(Gr ♦eyw, to 
cdl), amoeboid cells m the bodies of oulU- 
r^iiiilar BDimals, wUch devouT foreign 
bodies, inclndmg dead cells of to® 
oigsusiiiy intiUwng bactcnoi cic riuGo- 


one m lac mam ui ■ n 

dom, of which abrat twelve are 


PmS.Y BODY 
small ductless gland at the bisc M JJ® 
Itisdiwdedfatoantenormd^lmwj^ 
The secretion of the anterior lo be ip i^n “ 

regulate growth , that of the posterior lobe w 

stmSat^mMt^ muscle, to cause amphibian 

PI®lTA'(l!“r§S?A toe orgvi m 
^'hSKanSab S\iluch'’toe embryo » 
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noimdied and sui^died mtb oxjiKen within 
the mothei’s body ItisformedofintalacL* 
mg matemal and endnyonic tisu^ in which 
embiyomc Uood-vmseb come mto dose con- 
tact ^ut not open conunnnication) with 
maternal Uood vessds A somewhat mmiTar 
axzangement IS fonnd m some diads 
PLASMA (Gr sAboim, fonnatxve mateEial), 
the flmd part Uood, Uood mmus the 
corpnsdes 

POLYP (Gr nAvrwr, many footed), a name 
given to the sessile type ot Codenterate (e« 
Hydra, sea anemone^ coral) on acooimt of 
their nnmerous tentacles (SeeUEOusa) 
PROPRIOCEPTOR (L propniu, one's own, 
eapOv, to take), receptor organs afiected bv 
changes withm the body (eg altered bal- 
ance, difierences m muscular tension) 
PROTOPLASM (Gr rpuret, first, -rAdiqta, 
finm), "the phyacal basis of life”, thehvmg 
substance contained in organisms 
PROTOZOON (plural Froiozoa] (Gr tpuroc, 
fist, I ammal), a unicellular animal. 
RECEPTOR (L recavei), those organs whose 
function IS to be sensitive to stimuli. 
Exteroceptor, Proprioceptor ) 
RECESSIVE One form (alldomoiph) of a 
hereditary factor whose effects are masked 
by another (dominant) form of the same 
factor (SeeDouiMJUiT) 

RECOMBINATIOX A vanation m an or- 
ganism produced by a fiwsh combination, of 
existmgneieditaiyiactats (See also Mooin- 
CAttatt and Motatiov ) 

REFLEX (L ff, back, to tnm), a 

nunement wbid takes place independently 
of the will, as a resnlt of stimulatian and of 
predetermined connesiami m the nervous 
system the setting into action of an effector 
organ, as a lesidt m stimulation of a receptor 
oigan, thnnigh piedetemmied paths m the 
nervous system. 

SECRETIK A secretion from the bmng of tbe 
intestine whicb, conveyed m the Uood, 
causes fte pancreas to piodnoe its external 
secretion, paneceatic ]iuce 
SECRETION (L se«mo, I set aparU,(l) a sub- 
stance formed by tbe activi^ of a gland— 
eg Ulefiom the hver gastric imcefiom the 
vraE of the stomach saliva xiom sahvaxy 
glands, (2) the fonnatioa of such a sub' 
stance 

SEGUENTATION (L segmtnlm, a euttmg), 
dividing into parts (1) segmentation of the 
egg* the division of the activated egg mfo a 
number of small cells or Uastomeres, (21 
metamenc segmentation the "cutting up” of 
the body of many higher metazoa mto a 
number of parts, produced oiiginally by the 
tedi^cation of the trunk region. 
segregation Tbe dear-cut separation of 
the memhoa of a pair of hereditary factors 
or genes from each other before the forma- 
tion of gametes , separabon of a pair of genes 
without mutual contamination 
SENSORY (L. senile, I fed.) ^Apfere^} 
SERUU (L. whey], a waten fluid that sqiar- 
ates from Uood when it clots. 

SOMA (adjective^ Souatic) (Gr ofinv, body), 
the i^vidual body of an organism as a» 
posed to the germ-cells that part of the 
organism Imuted to its individual life as 
opposed to that part capaUe of reprcdaction. 


SPERMATOZOON (or Speru) (plural 
Speruatozoa) (Gr vnpua, qietm, ffwi 
animal), the male gamete, when markedly 
different from tbe female gamete Most 
sper ms are capable of active swimmmg 
SF&NCIER ^ e^iyyu, I Und t^t), a 
ctrcnlar baiul of musm whidi can wise an 
apextuxe by its contcaction. Eg the 
sphincter of the Pa tous of the stomach 
SyUPATHEIIC SYSTEM (Gr ww, with, 
rwHet, snffEiiiig), part of the AvTOsomc 
Nervous System (qv)dueflyo(nioemedm 
the stnnulation of muraes and glands con- 
neeted wiUi vident activities of tte whole 
organism (eg defence, attack, flight, etc) 
and m tbe mbifaition of v^tatne processes 
likeduKtian (See PAiusYiiPATHsnc ) 
THyMl»(Gr 0viioc,EOttl),a|^diilarbodym 
the neck tmpon, of unkoown function, de- 
m ed&wntheemthdmmofcertamgill-wts 
THYROID GLAND (Gr dv/MonSut sbldd- 
shaped), a ductless gland situated m the 
front of the neck, and dem ed from a pocket 
in the floor of the pharynx Its seaetron, 
thyxDZin, (CiiHuOiNlJ, accelerates the 
rate of metabclisnA and causes the meta- 
merohosis of Amphibiaa tadpoles 
TRACHEA (Gr rpaxn, rou^), (1) m land 
vertebrates, the windpipe, (2) m insects and 
qnden^ one of a nnimier of am-tnbes which 
constitute the lespaatary system. 
TRACHEOLE (dumuhve of TkACBBA), one 
of the nUuaatefine bmnebesof thelkAcaEAB 
(q V ) of insects and other land ArtUopods 
Trwkeoles may penetrate the intedor of 
cells 

UREA (Gr oSpep, mine), a niixogenous cem- 
pound (CO,(NH(},), tbe chief wasteprodnet 
dischax^ m mammalian unne Tne first 
organic confound to be axtafio^ syntbe- 
SlUd 

VASOCONSTRICTOR (L ms, vessd, -fcon- 
strxet), eansug the oontrachon of Uood- 


VASODILATDR (L tas, vessd, -{-'dilate), 
causi ng the expansion of Uood-vessds 
VASOMOTOR (L mr, vessd, motor, mover), 
controlling the movements (contxaction or 
expansion) of blood-vessels 
VEIN (L vena), a vessd which conveys blood 
from tbe tissues to tbe heart Host venous 
Uood IS dark in cbloor as the result of the 
removal of oxvgen by tbe tissues 
VERTEBRA (plural Veriebrax) (L ]oiot),one 
of tbe caxtiligmons or bony segments of the 
spinal colmnn 

VERTEBRATE Ad animal having a back- 
bone Tbe gronp of vertebrates mcludes 
cyclostomes, fish, amphibia, rutiles, fords 
and mammals (See Crordates ) 
VESTIGAL (L vcsltgitm, trace), an organ 
which has become mncM m the comse of 
evofobon until its ongmal fimebon is wholly 
lost Eg tbe hind hmb of whales 
VITAMIN (L nfo, life, amme, one of the com- 
pound ainiBanjas),‘'aniinlaimm bntessential 
accessory factor of diet" Several different 
vitamms exist Their absence leads to sudi 
di seases as ben-ben, scurvy, etc. 

ZYGOTE (Gr jirywror, jomed together), the 
cell produced by the fimon of the gametes m 
sexud teprodnetaoB. In Metazoa this is the 
fertilized ovum. 




BOOK m 


THE MIND AND ITS WORKINGS 
BY C E M JOAD 




CEAPTBR ONE 


INTRODUCTORY: THE MIND-BODY 

PROBLEM 

SPECULATIVE CHARACTER OF PSYCHOlOGYv^ 

P SYCHOLOGY IS THE sdence of die mind; it seeks, m other 
words, to give an account of the way in whidi the mind works. 
Unlike other saences, however, it is concerned less with &cts than 
with theones Chemistry, for ocample, presents us with a number or 
&cts about the elements of matt^, ^ arranges these &cts m accord- 
ance with certam laws, nobody doubts that these &cts are &ct5, or 
demes that the laws which the &cts are said to mcemplify really do 
apply to them So certam are saentists about these laws that they are 
enabled by means of them confidently to predict the occurrence or 
i^cts which do not yet emst They can tell you, for example, that it 
you combme two parts of hydrogen with one of oxygen the result 
will qmte certainly be water And what is true of chemistry is true 
of all the saences m a greater or less degree. But it is not true or 
psychology for the reason that m psychology there are no fiicts which 
everybody agrees to be fiicts, and, as a consequence, there are no 
umversally accepted laws m terms of which the &cts can be expkinecL 
In other words, although you can say that a stone will fill downwards 
if you drop it fi:om a wmdow, you cannot be sure that man will 
lose his temper if he sits on a pm; you cannot even predict that he 
will swear 

To put the pomt m another way, psychology stdl belongs very 
largely to the province of speculation. We cannot say that the mind 
works m this way or in that way, we can only wonder and propound 
theones about it, and on the great majonty of important questions 
there are several contradiaory theones This does not necessarily 
mean that psychology will never attam to certam and agreed know- 
ledge All the saences were bom mto the realm of speculation, hey 
all, in other words, started hfi as philosophy. The anaent Greeks 
wondered about he stan, about the properties of matter and about the 
fimcuons of the human body, for them all these branches of mquiry 
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fi>nne(i pait of pMosophy. So soon, however, as anything 
came to be known about these matters, they ce^ to be philosophy 
and, under the names astronomy, physics and physiology, 
sciences in their own i^t 

Now psychology ism a transition stage. In some very &w respects 
it has attamed definite knowk^e and is entided, to be 

called a saence; but with regard to the great majority of the questions 
It studies it has still to emerge firom die pli^e o£ wondering or 
speculation. 'What is more, and here we come to a very disturbing 
whenever psychology does manage to obtain a piece of definite, 
accurate and agreed knowled^ it turns out to be knowledge not 
about the mind but about the body. Why is this? 

The discussion which an answer to this question involves, besides 
being mteresdng in itself, will admirably serve the purpose of intro- 
ducing our subject, and 1 propose, therefore, to occupy the remaining 
pages of this introducdon by indicating as briefly as I can what the 
answer IS. 

THE REIATIONSHIP OF MIND AND BODY 
It IS obvious that one of the most important things about the inind 
IS Its idiadonslnp to the body. Idind body are contnuaaUy mter- 

actmg m an infinite number of di&rent ways Mmd ufluences body 
and body mmd at every momait of our waking life. If I am drunk 
I see two lamp-posts mstead of one; ifl fell to dig^ my supper, I have 
a mghtmare and see blue devils; if I smoke opium or inhale nitrous 
oxide gas I shall see rosy coloured visions and pass into a state of 
beatitude. These are instances of die mfluence of the body upon the 
mind. If I see a ghost “ty hair will stand on end; ifl am movw to 
anger my fece will become red; if I receive a sudden shock I shall^ 
pale. These arc instances of the influence of die mind upon fee body. 
The examples just quoted are only extreme and rather obvious 
of what is going on all the time. Many thinkers indeed assert t 
mind and body 9X0 SO intimately associated that there can be no eva^ 
m the one whidi does not produce some corre^ondii^ di 

other, alfeough the corresponding event, which wc ® 

cflSect of the fot event, may be too small to be noticed. Tne in 
act io n between mind and body is, at any rate, a feet beyond po 
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Yet wHen we come to reflect upon die maimer of this mteraction, it 
is occeedmgly (hfficult to see how it can occur. Mmd,* it is dear, 
must be somethu^ which is immatenal; if it were material it would 
be part of the body. The contents o^ or the events which happen m 
the mind — that is to say, wishes, desires, thoughts, aspirations, hopes, 
and acts of will— are also immaterial The body, on the other hand, 
IS matter, and possesses the usual quahties of matter, such as shape, 
size, weight, density, mertia, occupancy of space, and so forth 

Now there is no difficulty m understandmg how one material 
thing can be influenced by another Bach possesses the same attnbutes 
of size, shape and weight, m virtue of which each can, as it were, 
commumcate with or “get at** the odier. Thus a paving stone can 
crush an egg because the egg belongs to the same order of bemg as 
die stone. But how can the pavmg stone crush a wish, or be af^cted 
by a thought? Matenal force and mass have no power over ideas; 
ideas do not exert force nor do they yidd to mass. How m short can 
that which has neither size, weight nor shape, whidi cannot be seen, 
heard or touched, and which does not occupy space, come mto 
contact with that which has these properues? 

Mmd and mat^ seem, then, to belong to two diflhrent worlds, to 
partake of two different orders of being, and the problem of then 
mteraction is the problem of the whale and the elephant raised to the 
flth degree In these circumstances the question immediately arises, 
“Is It really necessary when accountmg flir the operations of the 


human body to postulate the mtervention of mmd after all?’’ 


the working of the nervous -system 
Let us look at the question m a htde more detail Suppose that I 
place my hand upon the poker, find that it bums me and qmddy 
withdraw my hand What exacdy is it that has happened? The heat 
of the poker stimulates the terminals of the nerve cells m my fingers 
These nerve cells or neurones are m contact with other nerve cells, 
and a stunulus apphed to any one of them is accordmgly passed on to 
die next The machmery of transference is as follows. Each nerve 
cell has a number of filaments attached to and extendmg fin>m it 


*It B important to emphasize the fact that the «ord "mmd” does not mean the same as the 

««d "bram" , the beam u matenal 



T5b mind and its WOKXTNGS ' 

These fila^tsaickno^ as dendrites. One filament is consiimblv 

I^er Md finer than tie otiers, and is known as tic axon, andit'js 
tbrougn the axon tiat the stimulus or impulse passes tiioud to die ' 
n^neurone or nerve cell intiiechain. Thepoints of contaetbetween 
tito axons, knownass)mapse^actike valves, ‘thatistosay; they Jetdie 

stimulus or impulse pass m one direction only; it is not allowed to 
return on its track. The central part of tie nervous-system, foiminga 
sort of highway along which all impulses pass, is the spmal cord. 
Traveling by this roil tie heat stimulus to tie nerve cells in my 
fingers readies tie brain. Here it otters a compheated system of Ucis 
and layers of neurones. These tiers or layers act as tie r^lp-aring booses 
of the nervous-system, sorting out die di&rent messages received 
fi?om all parts of tic body, and determining which oftiemdiallbe 
passed on for tie purposes of aetton. Passing ou a stimulus fiir tie pur- 
poses of action means transferring it to another system of 
known as tieedictor nerves or motor nervous-system, which govern 
tie movements we make, as opposed to the receptor nerves or sensory 
nervous-system, which receive and transmit die sppsaiinn!^ vve fed 


Assuming diat the brain has decided to take action in respect of the 
s timu l u s fixun tbe poker, it Jdj the stimulus puss throtigh to die 
neurones composmg the motor nervous-system; these m thar tom 
pass on the stimulus received feom the brain to die fingers, as the 
result of which the latter are withdrawn fiam the poker. The whofc 
procedure may be likened to sending a message feom the fingers to 
the bram m response to which auotbeir message is sent back to tie 


compheated as they appear, seem, nevertheless, when we look at 
them firom the point of view of the body, to be purely automatic. It 
IS like putting a penny into a dot madtine and taking out a box of 
matdies. Nor does it appear to be necessary to introduce a sutid or 
consciousness at any stage of the process to ei^lain whatitis diatiap- 
pens or why it happens. It may be true that vnfeel the heat of tie 
poker, and that the feeling is a psychological or mental, as opposed 
to a physiological or boddy event; but it may also be true that die 
fedii^ has nodm^ to do with the withdrawal of the fingers, which 
IS a purely automatic result of die applied stimulus. 

iWe dehbetately taken diesimplestpossiblecase, and one in which 
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die action of die body is, on any view of the mind-body relationship, 
as nearly automatic as it is possible for it to be But if we can es^lam 
' some of our actions, however simple diey may be, without mtroduc- 

mg dus mystenous dung mind , may it not be possible diat the same 
sort of explanation, enormously compbcated, of course, but soil con- 
fining Itself purely to bodily terms, might be invoked to account for 
all our actions? In any event should we not m the interests of saenc^ 
leave no stone unturned m order to make it do so, hoping that an 
increase in knowledge about the body will cause the gradual dis- 
. . appearance of many difficulties which at present beset die attempt to 
explain, not only action but diought m bodily terms? 

modem psychological controversy very lai^ely turns, let me try to 
put the pomt m a somewhat diffi^t way. 

Let us suppose that m the digram abb'c 
isa cude which roughly represents the pass- 
age of a stimulus or unpulse round die ner- 
' vous-system The stimulus is apphed to a 
' (the fingers), and passes into the brain at B 

I have marked offia definite segment of the 
' orde &om b to b' to mdicate the &ct that 
' there IS a defimte passage through the braui, 

the pomt at which the impulse leaves the 
bram at b' bemg difierent fi:om diat at 
whichit enters atB. This is apassagedurough 
exceedmgly comphcated tiers of neurones 
which apply a process of sifting or sorting 
to the impulses recaved, with a view to determining which of them 
shall be passed on to the motor apparatus for acdon. The part of the 
cnde fi:om b' to c represents the motor or eflfector apparatus, c being 
agam the fingers, or in odher words the pomt at which the motor 
impulse travdlmg down to c causes us, as we say, to take action. 

Now the pomt at issue among modem psychologists is this, is die 
passage of an impulse round the nervous-system a passage which can 
be completely descnbed at every stage in physiological terms, suffia- 
ent m itself to explam what happens whenever the organism feels and 
acts? If It is, then we may think of bodily actions on die analogy of 
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the movemeats of mter m a M reservoir One pipe leads into the 
reservoir, another out of it; whenever, therefore, fresh water comes 
in through the first pipe, it will cause an overflow of water which will 
be drained off through the second. The process is a purely automatic 
one and takes place in accordant^ with physical laws Whenever, m 
other words, a stimulus is apphed at one end of the cham, then die 
appropriate reaction will occur at the odier. 

If It is not, then we must assume that this nervous cham is broken; 
that when the impulse reaches the firsts, itleavesthebram altogether 
and passes out of the orde mto something of an entirdy diflerent 
nature firim b, which we will call d, the mind. How this occurs we do 
not know; but, if it does occur, the result will be, first, that we shali, 
as we say, be aware of or feel the stimulus, secondly, that this aware- 
ness or feehng 'wiU be a purely mental event not ei^hcable m bodily 
terms, and thirdly, that having expcnenced it, the mind may or may 
not deade to give effect to the stimulus by instructing the bram to set 
the nervous^ystem to work to remove the fingers The nervous- 
system will m the former event begm to work agam— indeed, it must 
operate if action is to follow— -but it will come into operation after a 
break, during which the body has ceased to function and something 
which IS not the body has taken charge 


THE ALTERNATIVE EXPLANATION 

This, putting the pomt very crudely, is the other alternative, and it 
mvoivcs a hypothesis, the hypothesis of the existence of a nund, of 
something, that is to say, which is not of the same order of beug as 
the body, which all those who are dissatisfied with die materialist 
view must m some form or other adopt. In frvour of it dirae is 
obvious fret diat we do not seem to be the mere slaves of our bodny 
sumuh, slot machmes which, when die penny is inserted, wor ' 
because we must, but appear to be endowed with a power of ctoicc, 
m virtue of which we can deade whether or no we shall obey to 
and if we do, m what way If, for example, I am hangi^ on to e 
edge of a preapice with one arm and a vwsp songs my hand, 1 sm 
probably not withdraw the hand, m spite of the stimulus which it 

received Facts ofthis sort are chfficult to explamvrithoutint^^^^ 

nund. An explanation can indeed be given m physiologi terms, 
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It IS exceedingly complicated and lias die appearance of merely push- 
ing the problem further back. 

We can say, for example, that another set of impulses stunulating 
the fingers to retam a tight hold of the preapice edge is already m 
command of the efiSxrtor nerves leading to the arms, that these nerves 
cannot, therefore, be utilized by the vndidrawmg impulses unless the 
holdmg-on impulses are first ousted, that two sets of impulses are, 
therefore, m competition fisr the use of the e&ctor nerves, and that 
the nervous centres m the deaiinghouse of the bram determine which 
of the two sets shall employ the efi^or nerves, by gettmg control of 
what is known as the “final common path.” But is this determining 
process a purely automatic one, dependmg on the relative strength of 
the two sets of impulses, or does it not m itself presuppose a mental 
act of decision which instructs the deanng house m the bram which 
set of impulses to let through and which to keep out? 

The mental hypothesis is beset with the general difficulty to which 
I have already referred— the difficulty, namdy, of concnvmg how 
what is non-matenal can aa on matter. 

The next two chapters will be concerned with the elaboration of 
diese two alternatives In Chapter Two I shall consider various forms 
of the matenahst psychology— that is to say, of that kind of psy- 
chology which, since it endeavours to explain everything that hap- 
pens without mtroducmg a mmd, is not really psychology at all but 
physiology Li the third chapter I shall consider the objections to this 
mode of mteipretation, objections which, if they are valid, lead to the 
view that we cannot eiqplam the &ct5 of psychology without bringing 
m the mmd 


WHY PSYCHOLOGY IS CONTROVERSIAL 
Besides servmg the purpose of providing a general survey of the 
ground to be covered, the above discussion enables us to answer the 
question which we raised at the b^;innmg of die chapter— the ques- 
tion, namdy, why it is that psychology still bdongs in the main to 
the realm of speculation and hypodiesis ladier than to that of exact 
sdenufic knowledge. 

That this must necessarily be the case, so long as the fimdamental 
question of psychology— die question whether diere is a min d to 
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stady--iemaiiis contEoveiaa], is obvious. Butdioeis afuttberspedal 


Returning for a moment to the diagram gtven above let us pre- 
suppose the truth of the mental hypothesis, a^ assume, acoordis^y, 
that die stimulm on reachingB leaves the chde of the nervous-system 
and causes or becomes a set of occurrences of an ortirdy diffgrppt 
order, occurrences which we call feelings of pain, shocik, or warmth, 
which happen in the mind (D).Itw£stillbelhecasethatwithzegaid 
to these mental occurrences, feehngs, emotions, and sensations, we 
shall be able to a£hm practically nothing which is at once exac^ 
definite, and generally agreed. The nature of the emotions and fed- 
ing^ fer example is, as will be s^inalater chapter, one of the most 
controversial subjects in psychology. Whatis true of the emotions or 
feelings is equally trae of all mental events. It turns out; infect^ hat 
when we do obtain exact and reasonably certain knowledge of the 
workmgs of that compound uhole which is pardy mind and pardy 
body, it is knowledge about the bodily side c^it 

About the parts of the cirde which lie between A and b, and b' and 
c, vTeareacti'^yincreasihgoursfockofdetailedsdentificknowle^ 
We can manipulate the nervors-system in various ways in the con- 
fident expectation that such and such results will Mow. But the part 
of the process represented by die lines bd and dbb' is still shrouded in 
obscurity, and it is doubtfiil whether we shall ever be able to give an 
exact account of it. Certainly wecannot do so yc^afectwhichmany 
regard as constituting among argument fiir cutting outD altogetho. 

This is what is meant by saymg that psychology, so 6r as it deals 
■with fects, so fer, that is to say, as it is scientific, is not psychology at 
all but physiology. 



CHAPTER TWO 


THE MIND AS AN ASPECT OF 
THE BODY 

I PROPOSE IN THIS chapter briefly to oudine diose theones of 
psychology which seek to interpret the flicts of human consaous- 
ness and behaviour without postulating theemstence ofa distinaand 
umque entity called mmd. Ey the word mmd I mean somethmg 
which is not material, which is not; therefore part of the body, and 
which does not obey the laws of chemistry and physics which the 
body obeys, in this sense aU the thanes with which we shall be con- 
cerned may be called matenahst. Some of these theories do mdeed 
admit the passihtUty of the existence of mmd m the sense descnbed, 
but they nevertheless afSrm that, if it does exists its only function is to 
be aware of events that occur m die body It does not mitiate these 
events nor does it control them; it merely registers diem, what we call 
a thought or a feehng bemg a mental reflection of a chsturbance in 
the biam or the body. 

Theones of this latter type may also be c^sed as materialist since, 
m denying to the mmd any directive or creative function, they do m 
i&ct assert that the important thmg about the mdividual is his body, 
implying thereby that his thoughts and behaviour will ultimately be 
found to be exphcable m terms of the laws which govern material 
bodies — ^that is to say, the laws of physics and chemistry. 

Weare concerned, then, with the view ofhumanpsychology which 
says* “Either there IS no such thmg as mmd, or, ifthereis, thenevery- 
thmg which happens in the mind is a mere reflection of something that 
has first happen^ m the body.” This view was very widely held in 
the nmeteendi century, and is advocated by many psychologists in a 
somewhat diflerentform today. We will consider ^t its mneteendi- 
century form 


NINETEENTH-CENTURY VIEW OF MIND 

It must be remembered that the tendency of nineteenth-century 
saence was to behtde m every direction the importance of the part 
played by mmd m the scheme of the umveise The work of Darwm 
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had been used as the basis of a conception of evolution, in which the 
advance of hfe from the pmnitive amceba to the fully developed man 
was descnbed and accounted for without postuktmg the mteivennon 
of mind at any stage of the process It was to variations m species, to 
the ihct that o&prmg did not entuely reproduce the characteristics of 
their parents, that the development ofhfe was doe, and, when pressed 
for an explanation of the question how and why these variations 
occurred, Darwm confessed to ao^mplete agnosticism. Theyjusthap- 
pened, fortmtously it must he presumed, and (hose which were suited 
to their environment survived The only other (heory m (he field, 
that of the French materiahst Lamarck, ascnbcd the ongm of varia- 
tions to the influence of environment. The environment changed, 
and the spedes either adapted itself by changing with it, or paid the 
penalty for Its mabihty to do so by ortmction. In any event the process 
was automatic, the movement and development of life was due not 
to the fulfilment of a purpose, or the execution of a plan, but to the 
infliipnrp! of external material conditions upon hving organisms For 
the root cause of vital occurrences we must, m short, look to changes 
m material conditions 

Geology and astronomy reinforced these condusions. Geolc^had 
enormously extended the age of the world, astronomy the size and 
spread of space, and m the vast immensities of geologic tune and 
astronomic space life seemed like a tmy glow flicbumg uncertaimy, 
and ultimately doomed (when, for example, the sun grew too cold to 
suitable Conditions upon the earth) to go out altogether 
Life, then, was a chance occurrence m a fundamentally mmdhss uni- 
verse, a passenger across an ahen and mdifferent environment, destined 
to finish Its pomdess journey with as htde noise and significance as, in 
(he person of the amoeba, itbeganit. Meanwyeit woiddcontmueto 
be at (he mercy of material forces; changes in life would reflect and e 

condittonedbypnorchangesmmatter, andhvmg organisms, ins^a 

of being the cause of physical events, would merely register tncir 


It will be seen, therefore, that the tendency to reduce the 
importance of mmd, to subordinate it to material forces, 
of causation as proceehng always from the J 

was already m the air, and contemporary psychology merely cam 
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It to Its logical condusLon. Among tiie infinite permutations and com- 
binations through which the forms of matter had passed m the course 
of Its evolution, there had occurred one m which, so psychologists 
argued, matter had become consaous of itsdf. It was this seificon- 
saousness of matter that was called nund Mmd, then, was a bghly 
refined and attenuated form of matter, a sort of halo surrounding die 
brain Its function was to hght up the events occurring m the brain, 
and when this illumination occurred we were said to be conscious of 
the events 


MIND AS A EEFtECTION OF THE BRAIN 
The function of the mind bemg limited to hghting up or registenng 
events occumng m the brain, it is dear that it cannot register what is 
not there , it fiiUo ws that there can be no event m the mmd unless there 
has been a preceding event m the bram Mental events are, therefore, 
never the cause but always the effect of bodily events We are aU 
fiunihar with the kmd of mterpretation which ei^lains mental occur- 
rences with remarks such as, *1 have been walking m an east wind 
which has given me aheadache and made me depressed’*; or, ‘T have 
been dnnkmg heavily all my life and am beginning to see things** — 
ei^lanations which account for what occurs m the mind in terms of 
what has first occurred m the body, and it is preosdy this type of 
explanation which was now extended to cover wilhngs, widnngs, 
thinkmgs, hopmgs, and rememberings, m a word all the workmgs of 
the nund Hence just as m the umverse outside, so also withm the 
individual organism causation proceeds always fiom the more 
material to the less 

Man IS the aeature of external forces, and his mind is the creature 
of his body, just as changes in man’s body are due to changes m the 
environment to which he reacts, so also are changes m his mind due to 
Ills bodily reactions to his environment Thus the chain of physical 
causation, firom the stirrmgs of life m the fint spech of protopl^mic 
jelly to my thoughts as I am writing this book, may be regarded as 
complete. Many links have still to be established, it is, for example, at 
present only possible m a very bw cases to say how and m what way 
the body dete rmine s die workmgs of the mmd, but the filling of 
detail is simply a question of further research; the main outlmes of the 



398 THB MIND AND ITS WORKINGS 

picture are already sufSaently dear enough to he comprehended 
It is obviously impossible withm the hmit of a short chapter to 
indicate all the ways in which physiological psychology seeks to fill 
m the details, in its attempt to eiq^ain nund action m terms of bodily 
action. I propose, however, to give a few instances of eiqilanations of 
mental happenings that have in &ct been advanced, m order that the 
reader may form for himself an opinion on the pracncabihty of the 
attempt I will dhoose as examples physiological accounts of the emo- 
tions and the will, and then devote a few pages to a bnef descnption 
of the so-called Sehaviounst psychology, which dispenses with the 
conception of consaousness altogether. 


TH£ BMOTIONS 

A cclcbntrd theory of the emotions which admirably illustrates die 
materialist attitude to psychology is dbat propounded by the psy- 
chologistWiIham James m collaboration with Professor Lange The 
generd standpoint of William James was not by any means identical 
with that of the materialists, but it so happens that his theory of the 
emotions fits very well into the materiahst firamcwork. 

To the plam common-sense man his emotions appear to be aspects 
of his psychological being, whidi are called mto action by the percep- 
tion of an external situation wbch, as we say, arouses them If we sec 
a ghost, we fed fiightened, if we see a duld torturing a fatten, we fed 
i n^Iignani;- The emo&on is in each case thought to be, as it were, pei^- 
manently there, even when it is latent, a sort of continimig fector in 
our psychology, waitmg for the appropnatc situation to call it into 
action. It was this kind of conception, i^fach we may call the ordinary 
view of the emotions, that the James-Lange dieory demcd. Its aulte 
were sceptical of the existence of these emotions as separate psycho- 
logical entities, did they, for instance, cadstwhenthey werenotactivc, 

*”llL'newvery briefly was that an emotion was the perceptiottof 

aphysiologicalchangeinoursdves. For example, itisfoimdthatw^ 

w fed the emotion of fear, some ^ds situated on the kidney 
known as the adrenal glands, discharge a cer^ amount flui 

aOTeaon,Trfiichmitstumpioau<»imporia^ , 

pf rtif .nd in lit MooA resulting m mcrasea npdity of 
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lieart-beat and dilatation of die pupils. The awareness of these bodily 
occunences constituted, according to WiUiam James, the emotion of 
fear. Now the question at issue between the exponents of the James- 
Lange theory and those who adopt what I have called the common- 
sense view IS simply this. Does the emotion precede and cause the 
gland excretion, or does the gland excretion precede and cause the 
fear emotion? 

Many experiments have been made with a view to testmg the con- 
dusions of the James-Lange theory, but unfortunately no way has 
been found of settling the question at issue m a manner which is satis- 
hictory to both parties. All that the i&cts entide us to say is that the 
bodily event and the mental event are found m mvaiiable accompam- 
ment Our view as to which precedes and causes which will depend 
upon our general attitude to the mmd-body problem. When James 
said that an emotion was simply a mental awareness of a precedmg 
physiological event, he was mvoking that conception of the mmd 
which regards mental activity as bemg always a reflection or register 
of precedmg bodily activity, to which we have referred. As he puts it; 
“We fed sorry, because we cry.” If there occurred neither tears nor 
any of the other physiological accompaniments of sorrow, we should 
not fed sorry. 


INSTINCT IN ANIMAIS 

Modem matenahsts are indmed, it is trae, to doubt whether tiie mere 
occurrence of a bodily disturbance is m itself suffident to cause the 
emotion. They are mdmed to say that the first thing that happens to 
us when we see a tiger is an instmctive adaptation to the situation, 
whidi takes the form of physical flight This mstmcnve adaptanon 
resultsmmodifications of^eheart-beat, ofthebreathing, andsoforth, 
whidi are designed to fecihtate flight; and it is our awareness of these 
modifications which is the emotion offear. In odher words, die begm- 
nmg of the whole cham of events which ends m the emotion is an 
mstmcnve tendency to act in a special kind of way. The question of 
whether this instinctive tendency is itself exphcable on materialist 
hnes raises the further question of the nature of instinct m general with 
which we shall deal m a later chapter. For the present it be suflia- 
ent to pomt out that, even if we assume an instinct to be the first chain 
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in the sequence of events which ends m emotion, there is no insuper- 
able obstacle in the way of a phyaological account of the nngm of 
insdnet. So much, at least, emerges firom a consideration of gnimal 
psychology. 

ANIMAL PSYCHOLOGY 

We may perhaps take this opportunity of mentioning the £act that it 
is to animals rather than to human bongs that psychologists have 
mcreasm^y directed their attention in recent years. The processes of 
an aminal*s nund are simple and their connexion vndi bodily stunuh 
IS easier to detect, moreover nobody wishes to thinV that animals are 
either virtuous, reasonable, or aesthetic, and there is accordingly less 
danger when dealing with animal psychology that the acceptance of 
dieones, which have nothing m recommend them hut then tcudi, 
wiUbeprejudicedby the consideration thattheypresupposeagloomy, 
a low, or a pessumstic view of ammal nature. Researches mto die 
nature of instinct m animals have shown that many instmcts of fiistr 
fate importance arc dependent upon, if diey are not entirely con- 
ditioned by, physical stimnK. Fra example, die French psychologist 
Giart has ^own that the instinct of maternal affection m the hen, 
instead of arising spontaneously at certain periods in the hen s life 
cycle, as, for example, when she is about to sit, is dependent upon, if 
It IS not identical with, the occurrence of local inflammation It is the 
local inflammation wkch causes the hen to sit upon the eggs m ot^ 
to allay it, and if smtably imtated wida p^pci m die appropdate 
pl ac es the most unbroody hen will develop into an excdlent foster 
mother. Even if, therefore, ^thcre is a psychological entity in the ben. 
of the kmd known as the maternal instinct, it is merely a reflection of 
a- preceding bodily disturbance, just as an emotion, if it is a mmW 
event at all, reflects and depends upon a number of such bodily 
disturbances. 

THE wilt , t _ » 

The will appears to constitute one of the greatest obstades to 

materialist mterpretation of psychology. It seems to be toe most 
spintual kind of foadty we possess-that m vntue of wbidi we are 
not only distinct from matter, but even m some respects able 
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dominate it When, for emimple, we deade to perfonn so simple an 
action as lifting our nght arm over our head, we seem to be not so 
much the servants of matter acting m response to physical stimuh, but 
rather to command and dominate and to command it in virtue of 
our bemg m some sense firee. To be &ee means to be eicempt firom the 
law of cause and e£hct, to be able, in other words, to eimrt our wills 
spontaneously and on our own initiative, without there bemg any- 
thing to cause us to do so How can this feeling that we undoubtedly 
have of freedom from material causation be e^lamed on materialist 
lines? 

Although we cannot prove timt m all cases m whidi we appear to 
will and to will fieely we are simply reading to bodily stimuh, we 
are nevertheless able to show diat by applying appropriate stunuli we 
can cause people to have expenences which are exactly similar to the 
expenence of willing fiedy. 

I mentioned m the first chapter the &ct thatthepartsofthenervous- 
system which govern the movcmaits of our limbs, are dominated by 
certam tiers of nerves in the bram which act as dearmg houses, and 
deteimme which of our impulses shall be passed on to the motor 
nervous-system for the purposes of action These deanng houses are 
called assoaauon centres, and they discharge the impulses which are 
being “let through” into what are called the exato-mctor centres, 
which form part of the cortex or outside sur&ce of the bram These 
he m a band roughly firom ear to ear over the top of the head. Now if 
these centres are stimulated with a mild dectnc shoc^, they transmit 
impulses along the motor neurones and the patient moves his hmbs 
Tbs, it might be said, does not prove anythmg It is common know- 
ledge that if the appropriate stimulus is apphed to certam parts of the 
body, an automatic movement of the hinbs will result, if, for exam- 
ple, the legs are crossed and the upper leg is gently struck bdow the 
knee-cap with the side of the hanJ, die foot will jerk upwards, if you 
are unfortunate enough to get a fly mto your eye, you will immedi- 
ately dose your eydid Actions of this type are called reflex actions; 
they are purdy automatic, and they have nothing to do with the 
exercise of the will This is true, but the surpnsmg bet about the 
electneal stimulation of the exato-motor centres is that it causes m 
the patient not only a movement of the hmbs but the fedmg ihat he 
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B Im Imbs ^unt^y; ,t seem to hun, m short. th»t he 
has wiBea to move tim « then, tt b possible to cam a mental 



— r-7^-“^”«<i^Dnm,mayitnotbetraeaiataclswhidi 
mc^fiMvnll o/mys be found to have somephjmdogicalcaiist 

m which event they cannot really he free? 


CONSCIOUSNESS AND THB SELF 

It mi^t well seem that consciousness is the most mduhitahly mental 
thmg about us, the very source and centre of our mental life, and that 
it would prove, therefore, most intractable to the physiological 
method of treatment of which we have been giv ing mutanrp!^ m this 
chapter. Many thinkers hav^ indeed, so regarded it, basing upon the 
feet that the one thing in the umverse of which we are most certainly 
aware is our expenence, an cxpenence which is both and con- 

saous, what are called Idealist theones of reahty. It is nevertheless 
possible to approach consciousness, in common with all odier wwital 
phenomena, feom the physiological standpomt This method of 
approach yields somewhat startling results, many ph^ologists, feom 
William James onwards, having been led to doubt the very existeace 
of consciousttcss as aniud^endent, separate item of our mental make- 
up. I will try very briefly to mdicate the reasons for this sceptical 
attitude to consciousness. 

In the first place consaousness is somethmgwhidiis supposed to he 
possessed by or to bdong to the self Yet this sdf m which consaous- 
ness resides is a somethmg of which we have no knowledge, and 
whose very existence is a hypothesis. Try as we may to discover the 
self, we never succeed m trackmg it down; what we do come upon 
when we endeavour to realize the sel^ is, as'the philosopher Hume 
pointed out, a somethmg which is willmg, h somethmg wfechis desir- 
ing, a somethii]^ which is thinking, or, in the parUci^ case m ques- 
tion, a somethmg which is wondering whedi^ there is such a thmg 
as a unifiied self and trying to discover it Now there is nothmg to 
show that all these "somethu^” are the same thing; here is nothmg 
to show even that they belong to he same hmg, or that there is a 
umty hehmd hem all, bmdmg hon togeher, yet m some sense other 
than hey. We meet, m oher words, wih wdhngs, dcanngs, and 
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thiiikmgs, but never with the self which wills, desires, and dunks 
Now It IS precisely the same difiSculty whidi confronts us when we- 
try to track down consaousness, for the reason that consaousness is 
the chief characteristic of this hypothetical self We meet with 
thoughts, feehngs, and desires to which the quahty of bemg consaous 
attaches, but we never discover a umty which is an entity called con- 
sciousness, which is other than andmasense the source of die consaous 
dioughts, feehngs, and desires, such that, even if, at a given moment^ 
there were no consaous thoughts, feehngs, or desues actually occur- 
ring, we could nevertheless affirm that consaousness as a separate- 
thu^ or entity would sdl persist But although we do not iBnd con- 
saousness exrcept m so &r as we experience thoughts, feehngs, and 
desires, to which the quahty of being consaous attaches, we do £nd 
thoughts, feehngs, and desires without any such quahty attached to 
them, a &ct which seems to suggest that consaousness is not after aU 
an important, permanendy continumg dung, widiout which our 
mental life could not go on, but an inadental casual sort of phenome- 
non which may or may not attach to our mental acts without making 
any perceptible di&rence to them. 

Thus m orchnary daily life it is a common experience to discover 
that we have been perceivmg all manner of things of which we have- 
not at the tune been consaous. If, for example, 1 suddenly begm to 
attend to what hes withm my field of vision, concentratmg particu- 
larly upon what hes at the edge of the fidd, 1 find that I am seemg &r 
more than lam ordinarily aware of seemg, dust on a book, a spla^ of 
ink on the desk, and so forth Yet smce my field of vision has not 
changed, I must mffir that in some sense I have been seemg these diing& 
all the time, befiire, that is to say, I became conscious of them. It is. 
dear, then, that it is by no means necessary for a mental experience, 
as consututed for example by an act of sedng, to be conscious m order 
that It may take place 

Now It has always been realized diat many of our actions are per- 
formed unconsaously, as, for example, the arculanon of the blood, 
the growmg of hair and nails, the bdanang of the body, or the mak- 
mg of a habitual gesture, but it has also usually been b^ that these 
actions are shaiply distinguished fiom those which are normally 
regarded as consaous Thus the activities of a human b eing 
M s T — o 
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divided into diose of which he is conscious and those of which he is 
not Now one of the most mterestmg dungs about a good deal of 
modem psychology is that it proceeds as if this dih^rence did not 
exist It endeavours, m other words, to mterpret and descnhe all the 
things we do and think without u^oducmg the concept of consaous- 
ness at all Those who approach psychology in this way are caUed 
B^aviouiists 


THE BEHAVIOURIST PSYCHOLOGY 

(i) Our Knowledge of Ourselves— In. order to see how they arnve at 
this position. It IS necessary to consider what are the ways m which 
we Imow what is gomg on m a person’s Inind They are two. intro- 
spection and observation Of these two methods mtrospection is 
denounced by the Behaviourist as hemg faulty and misleading Intro- 
spection can be apphed to ourselves; yet it is extraordinary how 
inaccurate and unsaosfiictory are people’s accounts of their own 
experiences. Ask a dozen men confronted with a “certaui situation 
to descnhe to you what it is that they are secmg, and each of them 
will give you a different account. * What is more, so for from a man’ s 
capaaty for mtrospection hemg improved by training the more 
trouble he takes to find out exactly what his consaous processes are, 
the less hkdy is he to succeed. The reason for dus apparent paradox 
IS simple enough; it is that the tramed observer knows what to eiqpcct 
For example, the naturahst, taking a walk, will see more than the 
ordinary country walker, because he knows what to look for and 
where to look for it, while saenusts, as is well known, progress by 
the method of mtelhgent expectation, which is merely another name 
for inspired guessmg. But the capaaty for mtelhgent expectation. 


•At a Esydjo’ogy Congress bdd at Gfittageo a down sndderir burst J' 
dosdy r um i"^ by a negro The negro eaugbt hua, leapt upon bun, and bore hm 
whereVfight ensued, whidi was ended by a pistol diot, after which the IJP jg^ujiy 

out of the room, still dosdy pursued by the nqfto The whole scene, wto tb f" 

Searsed and photographed in ad^took 

. nfmmwt the Congress that judicial proceedings nnght have to he taken, ana asKea 
to write a report, stating exactiy what had occurred. ^ 

Forty reports were sent in Of theses one only contained 1^ 

mrS^toStepruicipdfacts.fourteencimtalnrt fiomU^ 

thirteen contained more than fifty per cent mistakes In twenty ^ 

recorded were pure mvenlions In sho^ tea erf the ^^aidy etact —From 

or twenty-four were half legendary, and six only were even appRixiniaie y 

PuWu Optnm, by Walter Lippmanu 
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wlule constituting a valuable asset to the physicist or the physiologist 
who IS studying a subject-matter which is not aflhcted by die expecta- 
tions he forms of it, is a drawback to die mtrospective psychologist. 
When It IS your own min d which you are investigating, the objects 
at which you are looking form part of and belong to the very instru- 
ment with which you are looking at them, it is to die nund that you 
are lookmg, and it is with the mind that you look. The result is that 
It IS exceei^gly difficult to avoid seemg what you acpect to see And 
the more psj^ology you know, the more certainly will you find 
what you expect to find, with the result that mtrospecuon has been 
chiefly used to provide psychologists with data for the theories of 
mmd m the mterests of which they resorted to mtrospection Results 
of this kmd are of course completdy unsaentific, and have led many 
thinkers completely to deny die value of mtrospection as a method 
of obtainmg information about the mmd 
(u) Tile Ohservatiott ofBehavmtr — The demal of the vahdity of 
mtrospection as a psychological method is die startmg-pomt of the 
Behaviourists Observation, and observation alone, is, m dieir view, 
the method which a saenufic psychology will consent to pursue, and 
much of the uncertamty of psychology in the past is sad to have been 
due to the neglect of a proper saendfic approach to the subject 
Now we cannot observe mmd or consaousness, we can only 
observe actions Actions, therefore, m the widest sense of the word, 
firom the raismg of a limb to die secretion of flmd by a gland, are 
regarded as the proper subject-nmtter of psychology, and are studied 
as such by the Behavtounsts As for mmd and consaousness, we do 
not at this stage positively say that diere are no such dungs, but, if 
there are, it is qmte dear that we ^ know nodiing about them; we 
will confine ourselves, therefore, to actions or behaviour and see how 
&T our mteipretation of psychology m terms of behaviour wdl carry 
us 


Startmg firom this standpomt the Behaviourist proceeds to a study 
of the observable responses whidi dififcrynt situations exate m hving 
organisms, and correlates his observations untd he can present us with 
a &irly exact and extentive picture of the mterconnexiODs between 
these situations and the responses they call ffinh. It is surprising how 
much of our psychology, mdudmg even the workings of the alleged 
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bnefest account of the enormous amount of expenmental work diat 
has been carried out in dbis durecdon. It will be desirable, however, 
to descnbe in some htde detail one set of e:^enment5 and die con- 
dusiODS that have been based upon them, in order that the reader may 
understand the way in which die Behaviourist goes to work The 
experiments m question are those associated with what is called the 
conditioned response. 

(ui) Thz CondtUoned Response.’—K dog is tied up in a dark cabmet 
in which he is screened, so ^ as possible, dom all outside or distract- 
ing inflnenres. Food IS put before him and his mouth begins to water; 
the stimulus of the food causes, m other words, a response which takes 
the form of excretion by the salivary glands. This is called an uncon- 
ditioned response to an imconditioned stimulus. The next time that 
food is put before the dog, a particular note is sounded; and this is 
done on each of a number of succeeding occasions, the food always 
bdng accompamed by the sounding of the note. After a tune the 
note IS sounded alone, whereupon it is found to cause die sahvanon 
which m the first instance was excited by die fiiod. hi other words, 
the sahvation response is now produced by anew stimulus, whichhas 
come to be associated with the ongmal stimulus through constantly 
accompanying it Sahvation in response to the note is called a con- 
ditioned response to a conditioiwd stimulus. Practically any stumdus 
which IS applied suffidieudy often in coiyunction with die food 
stimulus can be conditioned in this ftshion. This is true even of a 

painful stunulus Let us suppose that the dog is severely pneked when 

the food IS put before him, and is later pneked m the same pl^ 
without the food; instead of causing symptoms of pain and fiight, 
the piich will now merely produce abundant sahvation. 

Two pomts about tbis interesting series of experunents may be 
noticed. In the first place the conditioning of the note alone m a 
stunulus to sahvation only takes place if the note has been soun 
immediately prior to or at the same time as the presentetion ot tlie 

food;ifthenote is struck after the food has been presented,it docs not 

become conditioned. Secondly, the effectiveness 

the note when sounded alone in produemg sahvation o y 
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certain penod; if the note is sounded without the accompaniment of 
the food too hrequendy, it ceases after a tune to produce salivation. 

The physiological explanation of these occurrences is difficult nor 
IS It stncdy relevant to our present purpose. Bnefly it is hdd that die 
constant amval of the food impulse and die note impulse togedier 
tune up two sets of neurones m the particular centre which receives 
them, so that both the neurones which are stumdated by the food 
impulse and diose stimulated by thenoteare, to use ametaphor, keyed 
at the same pitch. Each set of neurones remains tuned up to this pitch 
for some time after the stimulus has ceased, with the result that either 
set IS able, when stimulated, to discharge its impulses along the paths 
of the other. They can, m other words, exchange the impulses they 
receive and the motor actions which the impulses prompt. Next time, 
therefore, that either ofthestimuh recurs, itfindsbothsets ofneurones 


tuned to receive it, and m sdmulatmg the one set is enabled at the 
same time to send a train of impulses down the other — ^diat is to say, 
m the case m question, the note impulse sends a message down the 
neurones whidi detemune the activity of salivation. 

Now what can be done with dogs can be done also with human 
bemgs, but owing to the greater complexity of the buTpan nervous 
system and the difficulty of segregating the human being ftom all 
other distracting stimuh, it is much harder to establish the connexion 


between stimuh upon which conditioning depends. Eit pgriTnpnfs are 
most successftd with small children. For example. Professor Watson, 
the founder of Behaviounsm, reached some interesting conclusions 
with regard to the conditioning of the responses which we assodato 
witii fear He discovered that ffiere arc offiy two of uncondi- 

tioned stimuh which cause ftar in the baby, loud noises anil tiie 
of being suddenly left without support. Nevertiidess a normal three- 
year-old shows fear for a number of things — e g., darkness, mediam- 
cal toys, animals, and so on. All diese ol^ects are, in Profossor Wat- 
son s view, instances of conditioned stimuh; diey cause fear because 
at some time or another the appearance o^ for a dog has 

comaded with the occurrence of a loud noise, or with the tnftnf being 
knocked over — ^that is to say, with a foehng of lade of support 
(iv) The Condttfomng of Emotions — This hypotiiesis, if correct, 
throws an mteresting hght on the ongin and nature of emoti on . 
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According to Watson, the number of unconditioned emotional 
reactions is three only—i^, die causation of wbch we have just 
described; rage, whi^ is occadoned by die hampering of bo^y 
movements; and love, which is eliated by stroking the skin, dckhng, 
gently rocking, or patting. It follows that any particular object may 
become a condido:^ stimulus fir fear, ntge, or love, accordmg as it 
has at some time or another habitually accompamed as a stimulus the 
unconditioned stunuli of one or other of the emotions in question. 
This is a fact whidi, if it can be substantiated, carnes with it irnphca* 
dons of immense pracdcal import, besides throwing a considerable 
amount oflightupondienatore of oor mental processes. Byappropri- 
ately mampulating our stimuli we shall be able to mtroduce Chris- 
damty by transforming our enemies into sdmuh for love rather than 
for fear, and to fed afiection ratha than anger for the railway ofiidal 
whose dilatonness causes us to miss a train. In a word, the whole 


texture of our emotional life could be changed by assodating die 
stiffluh, which now causes unpleasant emodons, widi those uncon- 
ditioned stimuli which call forth responses which are pleasurable 
It seems probable, however, diat snccessfd results could only be 
hoped fer m very young children, ance adults would not submit to 
the long and laborious procKS which the reconditioning of thor 


responses would mvolve. 

(v) Dispensing with Consciousness . — A word may now be added on 
the question with which we began this section, the question, namdy, 
of the existence of mind or consdousness It must be admitted diatthc 
Bdiaviouiists have met with a surprising amount of success m didr 
endeavour to mterpret psychology without postulating the mterven- 
tion of mind or consdousness. In this comeson it should be borne m 
mind diat die phenomena that we have been dcscnbuig arc mcchanir 
cal in character, the responses following the stimuh with as miw 
c e r tainty th e of the sldn fellows its eaposure to the stun os 

of sunlight. It is not necessary for mmd to be aware of the 
m order that they may occur, nor, it may be surmised, coma mm 
prevent these occurrences by becoming aware of them 

Is it necessary, therefore, to postulate the existena of comaoasn«s 
at all? Taking our standpoint from the obsemdon of bchawo . 

whichistheonly point ofvicwthattheBehaviounstsacceptas egi - 



\ 


THE MIND AS AN ASPECT OF THE BODY 409 


mate, what is the difibrence between an action of which, as we say, 
we are consaous and one of whidi we are unconsaous? The only 
observable diHerence is that the activities of the neurones and glands 


— ^that IS to say, the happenings in die nervous'system which accom- 
pany the actions are diderent in the two cases These different boddy 
activities mdude, m the case where consaousness is said to be present, 
our vocal movements when we speak of what we are expenencmg 


Smce this didhrence of gland and muscular activity, mdudmg vocal 


movements, is the only diderence that we observe m cases where con- 


saousness IS present. Professor Watson proceeds to the assertion that 
consaousness ts the sum total of the bodily difierences m question. 

(vi) Tlwikmg as Suh-vocal Talking —This rather starthng concep- 
tion IS apphed with considerable force to all kmds of so-called con- 
saous processes When, for example, we think, it is found that a 
number of musdes are bemg active m our larynxes The activity of 
these musdes may be regarded as havmg for its object the unconsaous 
formation of words which are not act^y uttered Thinkmg, then, 
IS simply sub-vocal talkmg, mvolving as it does the same muscular 
activities as those whidi occur m talkmg, although diese actiwties are 
not earned so far Thus all modem books on psychology which exem- 
phfy this school of thought mdude chapters on what is called die 
language habit, which desenbe at some length die boddy movements 
which occur both when we are talkmg and when we are thmVing but 
not talkmg These movements can be brought under die response to 
stimulus formula of which simple examples have already been con- 
sidered, and, as a consequence, thinkmg, and mdeed all other mental 
activities, can be reduced to very compheated but neverthdess auto- 
maac responses to external situations 
We arc, I think, entitled to ask whether there is not faulty reasoning 
here W e may demonstrate that consaousness, mdudmg what we call 
thought, is always accompamed by certam boddy movements, 
these boddy movements are forms of response to external or infepmal 
stunuh, and that by smtable conditioning we may change the stimuh 
that provoke them, but dus demonstration surdy does not prove 
consaousness is the boddy movements which accompany it Simi- 
larly we may disprove the existence of consaousness as a separate 
constituent item m our mental make-up; we may show that it only 
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attaches to certain trams of activity, whether mterpreted physio- 
logically or psydiologically, which we call desires, wishes, and so 
£)rth, and that these trains of activity may occur m all respects 
imchanged without being charactenzed by this quahty or adjunct of 
•consaotisness, and we may infer that, therefore, consaousness is an 
unimportant, casual phenomenon, whose presence or absence makes 
no d^erence to the actual events which are occurrmg m our psy- 
diology. But this once agam does not prove that consaousness is a 
myth; and, if consaousness is not a myth, mmd is not a myth adier. 
It IS time, therefore, to change our method of approach, and to see 
what arguments can be adduced m &vour of the behef m mmd as 
something distmct fi:om the body. , 



CHAPTBR THREE 


THE MIND AS DISTINCT FROM 
THE BODY 

THE ALTERNATIVE HYPOTHESIS 

I POINTED OUT m the first chapter fiiat the issue between those 
who endeavour to mteipret nund action in terms of body action, 
and those who contend fiir the umque, distmct; and in some sense 
mdependent status of tnind is not capable of definite setdement. No 
actual refutation of the arguments advanced in the last chapter is, 
therefore, to be ei^ected The most that can be done is to suggest 
certam objections that can be and have been brought against the 
materialist position which has been oudmed above, and at the same 
tune to mdicate a number of independent considerations which seem 
to demand a different land of approadi to psychology, and a difhrent 
mterpretation of its problems. This mterpretadon, to put it bnefly, 
insists that a hvmg organism is somethmg over and above the matter 
of which Its body is composed; that it is, m short, an ei^ression of a 
prinaple of I1&, and that life is a fierce, stream, entity, spirit, call it 
what you will, that cannot be described or accounted for m material 
terms , that m human beings this pnnciple of life expresses itself at the 
level of what is called mind, diat tbs mind is distmct fi:om both body 
and biam, and, so &i firom bemg a mere register of bodily occur- 
rences, is able, acting onits own vohdon, to produce such occurrences, 
and diat no account of mmd action wbch is given m terms of brain 
action, gland activity or bodily responses to external stunuh can, 
therefore, be completely satis&aory. This is the view wbchmsome 
form or other is hdd by those who find a matenahst explanation of 
psychology unsatis&ctory, and m this chapter we shall be concerned 
with the reasons for it 

BIOLOGICAL CONSIDERATIONS 

Pttrpostvatess — Some of these reasons, and perhaps the most impor- 
tant, are denved m part firom regions wbch lie outside the scope of 
psychology proper, they belong to biology, and are based on a con- 
sideration of the charactensucs wbch all hving bemgs are found to 
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possess m common With regard to one of these “alleged”* charac- 
tenstics of hvmg organisms it is necessary to say a few words, since 
it constitutes a startmg-pomt for the method of mterpretation widi 
which we shall be concerned m this chapter. The characteristic in 
question is that to which we give the name of purposiveness, and 
because of this characteristic it is said that any attempt to interpret the 
behaviour of hvmg creatures m terms of material response to stimuli 
must mevitably break down Purposiveness imphes the capaaty to he 
influenced by and to work for a purpose; this m its turn mvolves die 
apprehension, whether consaous or unconscious, of some object 
which hes m the future and which the purpose seeks to achieve, it 
therefore necessitates the existence of a mmd If, therefore, purposive- 
ness is a true characteristic of hvmg creatures, then we certainly have 
estabhshed a good startmg-pomt for our “mental” approach to 
psychology. 

What, therefore, is meant by saying that hvmg creatures are pur- 
posive? Primarily, that m addition to those of their movements which 
may be mterpreted as responses to existmg situations, they also act in 
a way which seems to pomt to the mostence of a spontaneous impulse 
or need to bimg about some other situation which does not yet exist. 
This impulse or need is sometimes known as a conation, a good 
instance of the sort of thmg that is mean^ is the impulse we fed to 
mfliTitftin the speaes by obtammg food or seekmg a mate The impulse 
is chiefly manifosted m the efibrte a hvmg organism will make to over- 
come any obstade which impedes the AdiEilment of its mstmcuve need 
It will try first one way of deahng with it and dien another, as if rt 
were impelled by some overmastermg force which drove it forward 
to the accomplishment of a particular purpose Thus the salmon, pro- 
up Stream, leapmg over rocks and breastmg the current m 
order to deposit her spawn m a particular place, is acting m a way 
which it IS difficult to explamm terms of a response to external stimuli 
An organism agam vwll seek to preserve the trend of natural 
and development by which alone the purpose of its existence wiU be 
fiilfiUed, m Its endeavour to reach and to mamtam what we may caU 


•I insert the word "allied” n» order to adjcato the SsteSlrf 

There is no doubt that it would be thought unsafe by many biol^ls to ass 
the diaractensbc in question, although I myself do not wish to deny it 
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Its natural state or condition, it is capable, if need arises, of changing 
or modifying its bodily structure. If you take the hydroid plant 
Antennulana and remove it from the flat surface to which it is accus- 
tomed to adhere, it will begm to proliferate long wavy roots or fibres 
m the eflbrt to find somedung sohd to gnp, while everybody has 
heard of the crab’s habit of growmg a new leg m place of one that 
has been knocked off 

Activity of this kmd seems difficult to explam on matenahst Imes 
as the response to a stimulus, it appears rather to be due to the 
presence of a hvmg, creative impulse to devdiop m the ffice of any 
obstacle m a certam way. That a hvmg organism worksasamachme 
works, by reactmg m the appropriate way to the appropriate stunulus, 
IS admitted, all diat is contended is that it acts m other ways as well. 


that these other activities depend not only upon the quahty of stimulus 
recaved, but upon the mtensity of the creature’s conative impulse, 
and that the existence of the impulse is only e3q>hcable on the assump- 
tion that the aeature is animated by the need to fulfil a purpose 
Foresight and Expectations -—Whea we apply this conclusion to 
human psychology, we are immediately strack by the ffict that die 
mdividual not only esdubits m common with other organisms this 
diaractenstic of purposive behaviour, but is m many cases consaous 
of the nature of the purpose which inspires his behaviour The man 
who studies m order to pass an examination is not only impelled by 
a push from behmd, he is drawn forward by a pull fiom m front This 
pull fiom m firont can only become operative if he can be credited 
with the capaaty to concave the desirabihty of a certam state of 
aSirs— namely, the passmg of the examination, which does not yet 
exist, he shows, m other words, fiiresight and e3q>ectation It is 
activities of this kmd which seem most insistendy to mvolve the 
assumption of a mmd to do the foreseemg and eipectmg In other 
words, the capaaty to be influenced by events which he m the future 
seems inexphcable on the stunulus-response basis, die thought of what 
does not exist may be allowed to influence the mmd, but it is difficult 


to see how the non-existent can stimulate die body. 

The explanation of our capacity for bong influenced by the thought 
of events that do not yet exist, raises much die same difficulty as our 
undoubted responsiveness to events that have existed but do so no 
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loiter, and it will be desirable txi consider the problem iBrst of all 
firom this point of view. 

The Ittjluettce of the Past.— It is dear in the first place that the infla- 
eact of tbe past is continually af^cting wbat happens m the present 
Even the jnost distant events in my personal history eiert dieir 
influence upon what I am thinking and wishing now. i£l have been 
to New York and you have not, die casual mention of the words 
"New York” in oui joint hearing will have an effect upon me very 
di£hrent flrom and much ncher than that which it wiU have upon 
you: this is because of the di£erent influences exerted upon our pres* 
ent sdves by the (hf^ent events that have occurred m our respective 
pasts, influences whidi, in my case, are mudi more various than m 
yours. The mere 6ct that I know how to hold my pen as I wnte, 
and cause it to trace the letters that form the words 1 want, is the 


unconsdous ef^t of my having learned how to wnte in the past 
The influence of the past is, thei^ore, all pervasive; it affects every 
single act and thought of our waking h&. 

The operation of dus influence raises one of the most difficult 
questions m psychology; this is the question of the nature of memory, 
whether consaous, as m my memory of New York, or unconsaous 
as m my memory of having learned to write. The problem of 
memory put very briefly is as follows: My act of remembering is an 
act which exists in the present; the event which I remember occurred 
m the past, and would appear, therefore, no longer to exist But how 
can that which does not exist affect that which does exist^ Now dns 
problem, as I have already pointed out, is essentially the same as that 
raised by expectation. If I hear the beginnings of a tune that I have 
heard beflire, I may after the first few bats of it be able to contmue 
it for mysdf; m other words, I shall know what is coming. ButI am 
only able to do this m virtue of my unconsaous memory 
which conditions my oipectation of the future; my knowing t ® 

forcing is, m feet; determmed by my remembering what actu y 


ramfi- J A 

It wouldnotbe difficult to show that all cases of expectattoudepen 

upon and mvolve, at least m part, acts of uncon^ous 
then we wramme the theories of memory current in psy 

nraygetsomchghtondie problem which wearc at present conadcr- 



THE MIND AS DISTINCT FROM THE BODY 415 

mg — namely, the problem of the distmct and independent existence 
of Tnintl, which we found to be implied by ejq)ectation There are 
roughly two types of theory, eadi of which is held in one or anodier 
of several different forms by psychologists 

THEORIES OF MEMORY 

I. Phystologiail —(a) The first, which gives a physiological accountof 
memory, was put forward m the followmg form by a psychologist 
called Semon What I am aware of when I appear to remember 
something is not the past occurrence whidi, as I say, 1 remember, but 
a present state or modification of my body. This present state or 
modification is called an engram, and is produced as follows: Let an 
organism which is in a state of equihbnum, whidi we will call 
condition (a), be subjected to any stimulus XY which emtes it 
When the emtement has subsided, the oiganism will settle down 
agam to a state of equihbnum, but this second state (b) is not qmte 
the same as the first state (a); the emtemen^ m odier words, has left 
behmd a contmuing effea or trace on the organism, m virtue of 
which Its general condition is difibrent afier the exatement is over 
firom what it was before This difierence— die diffoience, diat is, 
between the two states of equihbnum— is the engram. It is envisaged 
in physiological terms— Semon calls it some material altetadon m the 
body of the organism— although what the precise effects on die 
nervous-system may be is not known. 

So for we have considered the process m its simplest possible form. 
What happens m actual foct is not that an engram is produced by an 
isolated stimulus, but a whole complex of engrams results fiom the 
apphcation of a number of associated stimuli. When some part of 
the ongmal stunulus xy, whether x or y, or any of the stimuli asso- 
ciated widi XY recurs, it calls fordi the whole complex of engrams 
produced by the onginal complex of associated stunuli. When diis 
happens, we are said to remember the event firom which the engram, 
or engram complex, results 

Puttmg this mto psychological language— although we must be 
careful to remember that Semon’s theory doesnotnecessardy involve 
die existence of psydiological enodes such as consciousness— we may 
say that what we are aware of when we say we remember a past 
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event, is a present modification of our bodies which the past event has 
left behind 

(i) There is another way of mterpretmg memory fi:om the physio- 
logical pomt of view which practically succeeds m dispensing widi 
the mtervention of consaousness or awareness altogether It also 
eliminates the notion of specific physiological modifications or traces 
Let us suppose that we are expecting to meet somebody Oar 
feeling ofexpectationtranslatedmtermsofthenervous-system means 
that there is a special setting of the co-ordmation or assoaation^^ 
centres m the bram, m virtue of which we shall be more ready to pick 
out certam stimuh, those, namely, associated with the person 
expected, from the innumerable stimuh which at any given moment 
are damounug for our attention, than to pidc out others Ournervous 
apparatus for the reception of stimuh is, m other words, set m a 
particular pattern and is predisposed to receive only what will fit mto 
the pattern, just as a lock may be said to be set ready to receive a key, 
The feehng which we know as e3q>cctation is just this setting of die 
nervous centres to receive certam speaal kmds of stimuh It is as if, 
to change our metaphor, they were tuned up to a particular pitch 
and were prepared to vibrate only to notes of Ae pitch in question 
Now let us apply this conception to the question of memory. If 
you hear the first few bars of a fimihar tunc, you are able to remember 
the rest "Why? Because the stimulus of the fint few notes sets die 
co-ordmation centres ready for the reception of the rest What set 
the co-ordination centres m the first instance was the heanng of the 
on the first occasion on which it was heard, but, as on Senmn s 
theory, when the stimulus of the tune recurs it is only necessary for a 
part of the stimulus to be apphed m order to produce the whole set 
of reactions which on the fet occasion followed the complex ot 
stimuli constituted by the whole tune. The more often the stimmm 
IS apphed, the smaller the part of it required to produce the whole 
response. A habit is formed when the response follows so readity 

that a mere hmt or shadow of the onginal stimulus is nwessary 

a special case of memory , 
ten m the past, we remember 
one of these thmgs is able to 


provoke it. Habit, therefore, is srniply 
when, havmg done certam thmgs very ofi 
them so well that the merest hmt of any 


•Seep 401 
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set going, and to set going unconsaously, a comphcated senes of 
reactions which it previously required a whole succession of stimuh 
to provoke, we have formed a habit Here then we get an explanation 
of memory and of habit m physiological terms Memory is due to 
the persistent effect of past stimuh, this persistent effect bemg, m 
Professor Henng’s wor^, “the pecuharattunement of the nervous- 
system m virtue of which it will give out today die same note that it 
gave out yesterday, if the struts be touched anght ” 

n Psychological —The ordmary psychological eiqilanation of 
memory is on the following hnes An event which has happened to 
us does not, when it recedes mto the past, leave no trace of itself 
behmd, on the contrary, it makes an mdehble impression on the 
individual who expenences it This impression is not an alteration of 
the body, but is conceived to be an image or reflection m the mmd. 
Every expenence we have ever had is said to leave some unage of 
itself m this way. These images, however, rapidly fede mto the 
unconsaous,* which may be regarded as a storehouse of past expen- 
•ences, where they normally remam When something occurs which 
resembles the event wbch ongmally left the image, it causes the 
image to rise mto consaousness We are then said to remember die 
past event, when what we are m feet thmkmg about is the present 
mental image or reflection of the past event 

ft 

CRITICISM OF THEORIES OF MEMORY 

We were ongmally led to undertake dus account of theones of 
memory, not only because memory as an important function of the 
mmd IS enbded m its own nght to a desenpbon m a book on “The 
Mmd and its Workmgs,” but also because it was drought thar an 
examination of the vexed questions that memory raises might reveal 
senous difficulties m the physiological mterpretation of psychology 
with which we were concerned m the last chapter It is now time to 
see what diese difficulties are. 

Let us begm with the psychological account of memory given m 
H above Whatever may be the ments or dements of the physiological 
theones of engrams and attuned nervous centres, it seems dear that 
the psychological image theory at any rate will not work 

*5cr Chapter Fne for an acoount of the uneonsoous. 



THE' MIND AND ITS 'WORKINGS 

(i)^J!mage Theory.— To beghwtlidieiCBconsicfcrabledoubtas 
to whether such as ims^es exist; many psychologists do, m 
net, deny meir existence. Apart; however, from this doubt, there is 
a more serious objecdou to the theory, and that is that images, even 
if they do exist, will not perform the function which they are said to 
perfomL They are said to be copies or reflections of past events. But 
you cannot know that a copy is a copy unless you have the ftng inol 

to compare it witL If you see the j&ce of a fiiend m the glass, you 

cannot tdl that it is your friend’s free and not die free of some other 
person, unless the free of your friend is already known to you, and 
not only known in a genei^ sort of way, but present to your mind’s 
^e at that particular moment, so that, compaimg it with die image 
in the glass, you recognize the image as an image of your friend’s 
free and of no other. 

In order, therefrre^ that we may be in a position to wtfngmw a 
as a copy of b, we must be aware both of A and of B. Now on the 
theory of images described above; we are said to know the present 
image but not the past event of which it is an image. But if we do 
not know the past event, how can we know the present image 

represents it; if we do know the past event; i£ m other words, the 
mind possesses the power of goii^ back to the past and being direcdy 
aware of it, what is the purpose of evolving an image which is said 
to be hke die past event, ih order that the mii^ may be aware of thati 
But if memory can only be explained as a direct awareness of what is 
past, it quite certainly involves a mind. Mmd may be credited with 
this mystetioos power; body certainly cannot. 

(li) TheBngrm 7%eofy.— HowdoesdiisreasoningafFectthephysio- 
lo^ml theories of memory? Ihe salient feature of the physiological 
account of memory was that when any part of an original stumdus, 
or set of stimuli, was repeated, it tended to call frrth the whole com- 
plex of reactions formedy provoked by the orginal stimulus or set 
of stimuli. Fuisuing, therefore, their policy of mterpreting psydio- 
logy without introduemg mental terms, these theories sought ^ 
id^tify the eiqierience known as remembering with this rqpetinmi 
ofafrrmer set ofbodily reactions, or (ifwc see no necessity for hemg 
quite so zigoious in our exclusion of mind) with the awareness of the 
repetition ofthese reactions. Butinas alleged, die reactions produced 
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by a recurrence of part of the ongmal stunuh are literally the same 
as those ongmally provoked by the stunuh which constituted the 
remembered event, then remembenng an event ought to be mdis< 
tingmsTifthlfi from expenendng it But thinkmg of the pam I suffered 
yesterday at the dentist IS quite mdubitably not the same as espenen- 
cmg it It follows, therefore, that whatever memory is, it cannot be 
the occurrence of the same reactions (or die awareness of the same 
reactions) as those caused by the stunuh constituted by the event 
remembered Applymg this type of reasonmg to Semon’s view, we 
getthefollowmg results Either the physiologicalmodificationresult* 
mg after the stimulus has ceased to operate, the engram, that is to 
say, of which we are said to be aware m memory, is die same as the 
response activity provoked by the ongmal stimulus, or it is not If 
It IS the same, then being aware ofan engram— that is to say, remem- 
benng an event— ought to be identical with die actual expenence of 
the event; which it is not, if it is not^ then it is difficult to see why the 
process of becoming aware of an engram, which is not the same as the 
response to the past event, should make us dunk, not of die engram, 
but of something which is different from the engram, namely, the 
past event 

The same type of objection applies to the physiological eiqilanadon 
of recogmtion 'When you see a dung a second tune and recognize 
it as somedung you have seen before, the feehng of recogmtion is, as 
we have seen, mterpreted as due to a certam attunement of the nervous 
centres, m virtue of which they give off the same vibrations as they 
did on the occasion of the first expenence of the thing m quesdon. 
But if the response m terms of vibration is really the same, dien seeing 
a dung a second tune ought to ffiel exacdy like seeing it the first timp., 
m which event it would not be recogmtion If it is not the same but a 
difierent response, why should its occurrence cause the ffiehng of 
recogmtion, which is mvolved by die reference to a past event at 
all? 'Why should it not simply cause us to think diat we were seeing 
somedung new? 

(m) Expectation —It will be remembered that die physiological 
account of memory sought at the same dme'to provide an explanation 
of die feehng of expectation. The nervous-system was set like a lock 
to receive the stunuh which conformed to a particular pattern. But 
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It 15 deiir diat the co-ordinationceiitres could only assume this partic- 
ular formation, could only evmce this particular disposition to pick 
out certam stimuh rather than others, ii| to speak m psychological 
tenns, we know what to expect. 

Now if we assume the existence ofamind credited with the power 
of antiapatmg future events, while admitting that this power may 
be m the last degree mystenous, we shall see no msoluble difficulty 
m supposing that we really do know what to mqpect But if we 
dispense widi a mental mterpietation, or rel^ate the mmd to the 
position of a mere register of bodily events, what eiqpknation are we 
to give of this apparent knowledge^ The physiological psychologist 
embraces it und^ his account of memory, the nervous centres, he 
tells us, are set in this particular form of arrangement because of past 
occurrences, with the result that, having heard a tune once, we have 
only to hear the first fiw bars of it agam to be able to antiapate and 
supply the rest 

The view might account for our abihty to antiapate events which 
are exactly like those which have already happened; but how can it 
cxplam the expectation of a completdy new expcncnce-* If die 
experience is really novel there can have been no past events of a 
similar character to set the lock of the nervous system to receive the 
new key Yet there is no doubt that we can have a feeling of expecta- 
tion of something which, though dimly envisaged, is yet felt to be 
unprecedented. We may say, then, dbat m the present state of our 
knowledge it seems impossible to account for those of our feelings 
which relate to events which have still to occur, unless we are pre- 


pared to postulate the existence of somethmg which is not material* 
and which is credited with powers other than material powers 
We have spoken so far of purpose and expectation, and our con- 
clusions seem to be that if fedmgs of expectation and the capaaty to 
act purposively really arc, as they seem to be, characteristics of the 

human bong, thennopurelyphysiologicalaccountofhispsychology 

will fit the focts. How docs this conclusion apply to the emotiom 
Some emotions-as, for example, the emotion of dread-also reter 

tolhefuture Can we, then, accept the account of emotion given m 


the last chapter^ , _ 

The Bnotiotts,^An emotion we there saw was mteipretcd as 
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consciousness or awareness of a physiological event Our bodies axe 
stimulated by a perception of a ghost or a tiger; the result is a senes 
of bodily changes of a kmd tending to faahtate £ight; our awareness 
of these changes is the emotion of &ar This account, plausible enough 
when a physical stimulus of some sort is actually present, seems to 
break down m the absence of such a stimulus Let us suppose that 
1 sit m my chair and think of an audience of a hundred psychologists 
whom I am to address next week; let us also suppose dbat; as I have 
every nght to do, I feel nervous and agitated What is the physical 
stimulus here^The meetmg of psychologists does notyet exist, I may, 
therefore, be able to think of it, but I certainly cannot expenence it 
as a physical stimulus Is it, then, ihe chan in which I am sitting? 
This scarcely seems credible. 

In cases of this kmd, if we are still to regard the physiological 
changes as bemg the cause of the &elmg of emotion, it radier looks 
as though the mental apprehension of the commg event must be the 
cause of die physiological changes Mmd, in other words, so &r from 
bemg the mere reflection of material events, seems here to produce 
them But there is a further reason for doubting the account of 
emotion given m the last (hapter. 

While the thought of lecturing to a hundred psychologists may 
cause dread, the thought oflecturmg to a hundred students may cause 
pleasure Now the difference between thinking of a hundred psydbo" 
logists and thinking of a hundred students is a diflhxence between 
two acts of expenence, which seems to be a real and important 
difference But how are we to envisage sudi a diflhxence in terms of 
the nervous^tem? Is there one pattern of die nervous centres 
representmg the response to the snmulus constituted by the future 
meetmg (or possibly by apastandrememberedmeetmg) ofahundted 
psychologists, and another which is caused by a future meetmg of a 
hundred students, and yet another by a future meeting of nmety-nine 
students, and so on for every diflerent object of which the thought 
can cause a shghdy difierent emotion? This seems to mvolve an 
almost mconceivable complexity on the part of the nervous-system. 

Let me try to state the pomt m another way. The emotion of fear 
IS said to be die mental awareness of excretions by die adrenal glands 
Now let us suppose that 1 am lightened, and let us assume t^t my 
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fear is ttc consciousness of the &ct that these glan^ are 
a certain amount of fluid, which we may represent by x If I am 
twice as fcightened, the amount of discharge will be 2s; and if half 
as lightened Jx. But fear shades by imperceptible degrees mto a 
number of alhed but qualitatively different emotions, such as repul- 
sion, horror, disgust What are the physiological eqmvalents for 
these? Not 2x or |x, since these are ^eady earmarked for greater or 
less quantities of fear proper. We must, then, postulate the existence 
of some other gland whose excretions can be held to provoke die 
quahtatively different feelings associated with these emotions. This 
IS bad enough but it is not the worst Fear is not absolutely distinct 
from disgust; it passes imperceptibly mto disgust through a number 
of mtermediate shades of emotion which partake pardy of fear and 
partly of disgust hut are qualitatively diSrent i^m either. Since 
excretions feom any particular g^d can only be made to account fer 
a greater or less quantity of the same kind of emotion, we shall have 
to postulate a separate gland for each of these quahtatively difletent 
states. Now the number of mtermediate shades between one kmd of 
emotion and another is inflnite; yet, since the body is spatially 
limited, the number of coirespondmg glands must be flmte. There- 
fere, the attempt to ei^lam emotion as awareness of gland action, 
or indeed bodily action of any kmd, seems to break down 
It is not contended that this type of reasoning is necessarily con- 
clusive. It does, however, show the difficulty of trying to eiqilam 
the infinite variety of mental life m terms of bodily changes. The 
number of thoughts of which a human being is capable is infimte, 
so too is the number of diflerent feelmgs which he may espenence; 
but the number of changes of which our bodies are capable, diough 
exceedingly large — ^the complexity of the nervous-system still baffles 
investigation — is necessarily restricted by the spatial limitation of the 
body and the number of its organs 
We conclude, then, feom this study of memory, of ei^ectation 
and of the emotions, that there are at least some mental fects which, 
though accompamed by and involving bodily fiicts, cannot be wholly 
wf pTamffrl in terms of them. The mind does not merely reflect the 
body; it outruns i^ and in so doing imtiates thoughts and actions cm 
its own account of which the body is merely the r^tenng accom- 
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panitwpnf Let US DOW coosidcT some further evidence pointing in 
the same direction 

THE APPREHENSION OF MEANING 

An important &ct about our mental life is that we are capable of 
appreciating meaning. A statement of &ct written on a piece of paper 
is, so &r as its matenal content is concerned, merely a number of 
blarV marlcs insmb ed on a white background Considered, then, as 
a collection of visual, physical stimuh, it is comparatively unim> 
portant, what is important is the meaning which is attached to these 
marks If diey inform us, (or acample, that we have received a legacy 
of ten thousand pounds it is not the black marks on the white back- 
ground, but the meaning diey convey that e£cts a disturbance m 
our emouonal hfe, sufficiently proffiund to keep us awake all night 
Now the meaning of the marks is obviously not a physical stimulus, 
It is somethmg immatenal How, then, is its e£^ to be explamed m 
terms of bodily responses to physical stimuh, which the min d merely 
registecs? Let us take one or two further examples m order to present 
the difficulty m a conaete ffiim 

Let us suppose that I am a geometrician and am thmkmg about the 
properties of a tnangle As I do not wish at this pomt to enter mto 
the vexed question of whether some physical stimulus is or is not 
necessary to imuate every cham of reasoning, we will assume that 
m this case there was a physical stimulus— it may have been a chance 
remark about Euchd, or the appearance of a red tnangular road 
signpost while I am dnvmg a car— a stunulus which we will call 3; 
which prompted me to embark upon the tram of speculations about 
the tnangle. My reasonmg proceeds until I amve at a conclusion, 
which takes the form of a geometncal proposition expressed m a 
formula I carry this formula m my head for a number of days and 
presently wnte it down In due course I wnte a book, setting forth 
my formula and givmg an account of die reasoning which led me to 
It The book is read and understood by A Presendy it is translated 
mto French, and is read and understood by b. Later still, I dehver a 
lecture on the subject which is heard and understood by c As a, 
B and c have each of diem understood my formula and the reasoning 
upon which it is based, we may say that the reasoning process has had 
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for them the s4mc meatung throughout If it had not they 'Md 
not all have reached the same condusioii and understood the sa^e 
fomg hy It. Yet m each of the four cases the sensory sdmulus vras 
difiFerent; for myself it was x, for a it was a number of black warlrs 
on a wbte badsground, for b a number of diiSerent black marks on 
a white background, and for c a number of vibrations m the atmo- 
sphere impmgmg upon his ear-drums. It seems incredible that all 
these different stunuh should have been able to produce a consaous- 
ness of the same meaning, if our respective reactions to them were 
confined to physical responses (whi^ must m each case have been 
dif&reat] whichweresubsequently tefiectedmour minds by aprocess 
of mentd registration of the different responses. The stunuh heu:^ 
difiereot, the mtervention of something possessed of the capacity to 
g^p the common element among these physically different entities 
done seems able to account for db facts; but the common element 
is the meanmg, which is immaterial and can be grasped, therefore, 
only by a mind. 

Let us take another example instanced by Professor McDougall 

A man receives a telegram wbidi says, “Your son is dead.” The 
visual physical stimulus here is, as before, a collection of black marb 
on an orange field. The reaction ea^etienced in terms of his bodily 
behavioui may take the form of a complete cessation of all those 
symptoms usually associated with hfe— ^t is to say, he may font. 


the whole of the temamder of his life may be complctdiy (hanged. 
Now that all these compheated reactions are not constituted by and 
do not even sprite from a response to the physial stimulus, may be 
seen by comparing the teactions of an acquamtance who reads the 
and so subjects himself to the same stunulus. Moiwver, 
the omission of a smglc letter, converting the telegram into Out 
m is dead,” would cause none of the reactions just desenbed, but 
might result at most in the writing of a pohte letter of condolciicc. 
The ind^endenoe of the bodily reactions of the physical stimua 
actually presented is in these cases very marked, aii4 unl^ 
to introduce conceptions such as the intellectual apprebenaw^ 
meaning of the marks, it seems impossible to expl^ thar^ct. ct 
sudi a coneq^tion again involves the active intervention of miuu* 
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Syn^estzing Power of Mind —Tins condusionisreinforcedby wiiat 
we may call the synthesizing power of mind Synthesizmg means 
puttmg together, and one of die most remarkable powers that we 
possess IS that of taking a number of isolated sensations and formmg 
them mto a whole We shall have occasion to return to this pomt at 
greater length m connenon with our account of sensation m the 
next (hapter. For the present, we will content ouisdves with givmg 
one or two examples of mental synthesis 

Let us consider for a moment die cause of aesthetic appreciation 
The notes of a symphony considered separately consist merely of 
vibrations m the atmosphere Each note may, when sounded in 
isolation, produce a pleasant sensation, and as one note is struck after 
another we get a sequence of pleasant sensations But although this 
IS a suf&aent description of the symphony considered as a collection 
of matenal events, and of our reactions to these events considered 
merely m terms of sensations, it is qmte dear that we normally tbmk 
of a symphony as bemg somethmg more than dus We think of it 
m fact as a whole, and it is as a whole that it gives what is called 
aesdietic pleasure Now m thinkmg of the symphony in this way our 
mmd IS going beyond the mere sequence of pleasant sensations which 
Its mdividual notes produce, and puttmg them together mto some 
sort of pattern If the notes were arranged m a different order, 
aldiough the actual vibrations which impmged upon our senses would 
be the same, the pleasurable aesthetic effect would be destroyed 

It seems to follow that our pleasure m a symphony cannot be 
wholly accounted for, although it may depend upon our physical 
responses to the stunuh of the mdividual notes, m order to obtam 
aesthetic pleasure we must somehow be able to perceive it as more 
than the sum total of the mdividual notes— that is, as a whole pattern 
or arrangement The pleasure ceases when the wholeness of the object 
perceived is destroyed, as it is, for example, by the transposition of 
certam notes We may compare the difference between the physical 
sensations which are our responses to the visual stunuh of the colours 
and canvas of which a picture is composed, with our synthesized 
perception of a picture as a work of art 

We must conclude, then, that we possess the power of reahzmg 
external objects not merely as collections of physical stunuh, which 
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of course they are, but as wholes in which die actual sensory 
are combined to form a smgle object of a higher order Ihis fecolty 
of combimng or putting together seems to involve the not 

only of a mmd, but of a mmd of an active creative type, which is 
able to go out beyond the raw material afforded by our bodily 
sensations, and to apprehend ideal objects as wholes wkch are mote 
than the collection of physical events which compose thar mnshhipnt 
parts 

SUMMARY OF ARGUMENT ' 

The conclusion to which the arguments of tins chapter appear to 
pomt IS that in addition to the body and bram, the composition of the 
hvmg organism mdudes an immaterial element which we call mind, 
that this element, although it is m very dose association with the 
brain, is more than a mere glow or halo surroundmg the cerebral 
structure, the function of which is confined to reflecting the events 
occurring m that structure; that on the contrary, it is m some sense 
mdependeut of the brain, and in virtue of its mdependence is able m 
part to direct and control the material constituents of the body, 
using them to carry out its purposes m relation to the external world 
of objects, much as a dnver will make use of the mechanism of his 
motor car. Mmd so conceived is an active, dynamic^ synthesizing 
force, it goes out beyond the sensations provided by external stimiih 
and arranges them mto patterns, and it seems to be capable on occa- 
sion of actmg without die provocation of bodily stimtih to set it m 
motion. It IS, m other words, crradve — ^that is, it carries on activities 
which even the greatest concavable extension of our physiological 
knowledge would not enable us to infer from observing the brain 
How, th^ are we to conceive of the rdationship of the mmd to the 
bram? 

An actor m a play of Shakespeare not only speaks words, but makes 
gestures, so that if you were completdy deaf you would still be able 
to infpr somethmg of what the play was about from seemg the 
gestures It is obvious, however, that there is much more in the play 
than the pantomime of the players. Ihere are, for example, the wor^, 
the characters, the plot, and ie poetry. Now to use a simile of the 
philosopher Bergson, the bram is the organ of pantomime ff you 
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were to observe a man’s brain you would know just as mudi of his 
thoughts as found vent in gestures. You would know, in other words, 
all that his droughts imply m the way of actions or die begmmngs of 
actions,* but the thoughts themselves would escape you just as the 
words and meaning of the play would escape the deaf spectator. 
This IS what is meant by saymg that the mind overflows the bram 
If our knowledge of both psychology and physiology were perfect, 
we should be able to describe the movements of the bram without 
observmg it, provided we had oimplete undecstandmg of a man’s 
State of mmd, but we should notfliom the most mmute and thorough 
inspection of the bram be able to tell what the man was thmkmg, 
smce just as one gesture of the actor may stand for many di&rent 
thoughts, so one state of the bram may represent any one of a host of 
states of mmd 

•Among the beginnings of actions may be mentianed those mo\ements of the latjnx vhicb are 
m%ol\ed m taUang 



CHAPTER rOUR 


THE MIND AS AN ACTIVITY 


THE FACUtTY PSYCHOLOGY 

S O FAR , WE have said very htdc about a number o£ questions diat 
bulk largely in many books on psychology, more particularly in 
the older ones The subjects with which psychologists used to concern 
themselves were, untd the last few years, very different from those 
which have' occupied our attention up to the present The older 
psychologists would discuss at length such questions as the number 
and the nature of the instincts, the relationship of instmet to reason, 
the difference between sensation and perception, and whether there 
were in addition to the instincts and the emotions such thmgs as 
sentiments and dispositions Such discussions are now often referred 
to as belonging to what is called ‘^academic psychology ” Our 
reasons for not introduciiig them at an carher stage and devoting to 
them a larger share of space arc twofold: — 

1. It did not seem desirable to discuss the nature of mental quahtics 
pn d feculties until we had satisfied ourselves that there was a mind to 
exhibit quahbes and to possess feculties It is necessary to establish the 
existence of a thmg before proceeding to mquire what sort of thing 
itis. The study of the relationship betweenmind and body has tended, 
moreover, to throw a good deal of light upon the nature of he 
entities rdated, and we have already in the course of our inquiry 
been obliged to examine inadentally a number of important mental 
fimetions such as the memory and the emotions. 

2, hi the second place, evenifweprovisionallyassumehecxistraa 
of mind, as something distmetfrom the body, tohavebecnestablihed, 

we know fer too htde about its character to pronounce wih any 
certainty upon the number and nature of its faculties. The contro- 
versial and experimental character of modem psychology cannot too 
often be emphasized, and one of the points upon which con wersy 
largely turns is, whether the mind possesses attnbutes whicA arc 
properly to be called feculties or states at alL 
Now 4e older psyriologto were content » ^ 
and the reason much as a physiologist would deal with the heat 
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the leg 1 do not mean to say diat when diey a£nned that there were, 
for example, seven instincts they meant that the mind had mstmcts 
in the sense in which dhe body has toes, but they were nevertheless 
indmed to wnte about mstmcts and sentiments and so forth as if they 
were distinct things which could be segregated and catalogued for 
the purposes of discussion like toes More recent work has, as we shall 
see, thrown considerable doubt upon these older conceptions of the 
mmd The mmd is no longer regarded as a bundle of Acuities or as a 
thmg possessmg a number of attnbutes, any one or more of which 
may be m play at a given moment, but rather as a stream or force 
which from moment to moment gives off &esh reflections, as it 
flows at diflerent speeds According as the speed and direction of the 
flow vary, so will a man be feeling mstmctively or reasoning A 
Acuity, then, is merely the activity of the whole mmd as evidenced 
at any given moment 

Nevertheless, it is necessary to say somethmg about the questions 
which have occupied so laige a place m traditional psychology, if 
only to throw die newer conception more clearly mto rchef. 

SENSATION AND PERCEPTION 

It is extremely important m the first place diat we should get a nght 
conception of the sort of thmg that a mmd is, before we enter mto a 
detailed examination of its characteristics, especially as a right con- 
ception IS not to be attamed without some imagmative effort. We 
are so accustomed to thinking m terms of things which are maJg up 
of parts, that it is very diflicult to avoid picturing the mind as a 
number of mental states which are themselves built up out of com- 
ponent parts as a house is built of bncks Many people have so 
regarded the mmd, and a large part of tradmond psychology has 
been devoted to showmg that all mental states were made up of two 
sorts of bncks — ^namely, sensations and images 

It IS important, therefore, to reahze that there is no evidence for the 
existence of such mental bncks, whether conceived as states or facul- 
ties. Such terms as the will, the instincts, the reason, and so forth, 
though useful enough for the purpose of descnbmg our expenences, 
do not correspond with any real existents, they are not facts, but 
hypodieses And m saymg that they are not facts, but hypotheses, 



430 THE MIND AND ITS WOEKINCS 


what I mean is that they are never met with in actual eicpenence. 
Sensations, for example, which used to he regarded as the core of our 
eatperience, the raw material supplied to us hy the outside world, out 
of which the whole structure of our mental and eniotional life was 


built, are mere figments. Nobody has ever met with a sensation fer 
the simple reason that any appaioit sensation which we choose to 


inspect turns out to be not a mere passive exp>eriencmg of an external 
stimulus, but a highly complex to which the tmnd has already 
made considerable contributions. 


The influence of past esqienence, for example, as pointed out in 
the last chapter, enters into and affects all our present expenence of the 
external world. A chair wears to a dvihzed man an entirdy different 
appearance fix>m that which it presents to a savage who sees it for the 
first tune. The latter probably sees the chair not as a chair at all but 
as a couple of 1^ and a back, which is all that we ordinarily observe 
when we imagme oursdves to be seeing a chair. Again, a piece of 
modem music actually sounds differently to the habitual concert'goer 
and to the Onental, as is evidenced by the story of the Chinaman who 
went to the Queen's Hall and thought that the tuning up was the 


concert Each expenences the same stimuh, but the past experience 
of each distorts, selects and contributes to what is actually heard, so 
that the resultant products are different The mind, in fiut, rushes m 

to embrace the actual stimulus recced, and to clothe It with elements 

culled from its past expenence, with the result that nobody has ever 
met a stimulus naked. 

A good example of the acdvity of the mind in working up the 
impressions received from without is affbrded by the experience of 
IftamiTigr to draw. It is then fisund that most of what we think we see 
IS not seen at all, with the result that the young artist is duefly 
employed m b-aming to unlearn the view of the world which con- 
ventional experience has caused him to adopts by stripping away, so 
fer as he can, the accretions with which his mind mvested the 

thmg actually seen Evenso, however, hedoesnotsucceedinamviiig 

at a pure sensation. Another striking example of the same process is 
afforded by the eiqpenence of gomg to a theatre m a foreign 
where the language, although known to us, is understood with 
culty. Our hearmg seems to be strangely dulled, and, as a consequence* 
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It IS found that it is necessary to sit mudi nearer to the stage than we 
are accustomed to do m our own country The reason is that when we 
hsten to someone speakmg our own tongue, the proportion of the 
words he utters that we actually hear is comparativdly small, the 
mmd supplying the rest by guesswork We ocpect him to say certain 
thmgs on the analogy of past expmence, and as a consequence we 
have only to hear a very htdefor our minds to take the cue and add 
therest This activity of the mmd does not, of course, occur when the 
language is un&mihar, and we accordingly £nd it necessary to hear 
more because we supply less 

Optical illusions, ^ain, illustrate our propensity to see what we 
expea to see, and it is an mterestmg &ct that books m Latm, Greek, 
and still more in Hebrew, are better prmted than English books, 
because proof readers, having no ei^ectation of what is coming, 
have to depend upon correspondence widi the manuscript to ensure 
accuracy instead of jumping to conclusions on the basis of what they 


expea 

It IS these mevitable mental additions to what is seen and heard 
wbch modem psychology has m mmd when it denies the existence 
of apure sensation, because of the constant intervention of the mind’s 
activity. A sensation mvested m this way with matter drawn &om 
past expenence is called a paception, and what we are asserting is 
that m the long run all sensations are perceptions It is now generally 
agreed among psychologists that, ance the sensational core of perc^ 
non IS elaborated by the mind’s activity, we never know anythi:^ 
as It really is, a reflecnon which has been die stacnng-pomt of many 
systems of philosophy. 

What we are concerned with here, however, is the concepUon of 
die acnvity of mmd, in virtue of which die bare sensanon is non- 
existent 

Nevertheless, a sensanon is a usehil tool to work with, when we 
are trymg to analyse our experience to find out what is its nature, 
and, like the intelhgence, the will and the mstincts, continues to be 


employed for want of a better term Bearmg m mmd, however, the 
&a that the mmd is notathmg but an acnvity, itis dear that we ought 
to descnbe its movements m terms of stresses, currents, energies and 
flows, usmg die lai^uage of dectnaty rather than that apphcable to 
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ord^ static things. Perhaps psychology will one day employ 
such a vocabulary M^wMe, for want of a better one, we mJt 
contmue to speak of the instincts, the reason and the will, and with 
prehminary word of caution we may proceed to mdicate some 
ot the theones that psychologists have held m regard to diem 


THE INSTINCTS 

Thwe IS controversy both as to the nature and also as to the number 
of the instmcts As a rough general account, which, so far as possible, 
avmds controversial issues, we may say that every organism is found 
to begm life with a peculiar and mdividual psychological endow- 
ment, whether tbs is or is not completely mhented is a quesnon mto 
which we cannot here enter Tbs cbefly expresses itself m the way 
in wbch it behaves in the dideienc situations m wbch it finds itself 
The ant, for example, will behave differendy m a particular atuauon 
firom a man Faced with this di&rence, we are accustomed to say m 
partial explatiathtt of it that the instmcts of the man and of the ant are 
dificrent It is further necessary, m order that behaviour sbnnj d be 
dass^ as instinctive, that it should not have been learned, a nd -<bp iiM 
manifi^t itself in some form or other at a very early stage of the 
creature s existence Thus the ant, wbch er hihits more nnl«»m«l 
forms of activity than the human being, is said to act very largely, if 
not entirely, upon instmct La human bemgs and in most antmals so 
called instinctive activities are duefiy mamfoste-d m relation to the 
ful fi l me nt of certam fundamental needs. Of these needs the most 
important are the needs for food, sex and soaety. If a man does not 
have food, he dies, if he does not reproduce the species, he dies by 
proxy, seemg that, as Samuel Buder pointed out, he hves on in the 
person of bs ofopring, the in&nt who is deprived of soaety follows 
suit and dies, too; and the adult on a desert island may qmcHy go 
mad. All human bemgs exbbit activity of a Innd design^ to allay 
these fundamental needs, and they do so without beuig taught 
Therefore, these needs may be called instinctive; 

From the fundamental needs spring derivative needs Thus in 
order to obtain food, it has usually beoi necessary to move about, die 
need for food tending to remam unsatisfied unless the mdividual 

hfetally tooksteps to satisfy it Hence a denvative need for movement 
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anses, from which spnngs an objection to sedentary occupations It 
scarcely seems, however, that our aversion to sitting still for too long 
can be called instmcave m the same sense as our need for food 

The above constitutes what may be called a moderate general 
account of die nature of mstmct with wbch few psydbiologists would 
wish to quarrel It will, m particular, be noticed that it avoids postu> 
latmg the existence of an mstmct as a distmct faculty or entity, and 
speaks of allaymg mstmcnve activity or mstmcnve needs Thu is an 
advantage m that it enables us to observe the mjunction agamst 
treatmg hypotheses as &cts made earher in the chapter. 

Many accounts of mstmct, however, go &r beyond this Freud, 
for example, reduces all activity of the type known as mstmcnve to 
the expression of one or other of two fundamental desnes, whidi he 
calls the ego mstmct, which is concerned with the preservadon of the 
mdmdual, and the sex mstmct, which is responsible for the reproduo 
non of the speaes 

McDougair s yiew -—The most celebrated view of mstmct 

IS, however, that of the late Professor McDougall It occupies a rather 
curious posinon imdway between the physiological mterpretanon 
of psychology illustrated m the second dhapter, and the posinon of 
those who insist on the mdependent and autonomous status of mmd. 
On the one hand it disclaims the matenahsm of those who hold that 
psychological states are mere reflecnons of bodily processes, while 
refusmg on the other to vmdicate the freedom of the mmd m the 
sense m which most of those who reject the matenahst view have 
wished to assert It 

(a) Professor McDougall begins by definmg an mstmct as “an 
mhented or innate psycho-physical disposinon, wbch determmes its 
possessor to percave, and to pay attennon to, objects of a certam 
dass, to expenence an emotional exatement of a pamcular quahty 
upon perceivmg such an object, and to act m regard to it m 
a pamcular manner, or, at leas^ to expenence an impulse to 
such acnon ’’ Tbs deBmnon amounts m effect to a denial of die 
matenabt basis of psychology, smce it postulates the existence of an 
instmcnve desire to acnon wbdi is not necessarily preceded by 
and dependent upon a physiological occurrence 

As to die number of instmcts so defined Professor McDougall*s 
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View has vaned In Social Psycholo^, published in 1908, he 
for die existence of seven primary instincts as bang suffiaent to 
account for our emotional life Other instincts were regarded as 
blends of or denvations from these primary seven, hi hs Outline of 
Psychology^ published in 1923, however, the number of primary 
instincts has mcreased to fourteen A distinctive feature of MdDoug- 
all’s view is his association with each primary instinct of a special 
and umque emotion. He frirther contends that the instinct and the 
emotion associated with it are mdissolubly hound together as forms 
of expenence, so that whenever we act instinctively we feel emotion- 
ally as well £adi instinct, he says, **no matter how brought mto play, 
IS accompamed by its own peculiar quahty of eiqierience which may 
be called a primary emotion.” There are, dierefore, fourteen primary 
emotions. 

Examples of primary instincts and their emotional eqmvalents are: 


Ins&nct Bnotmal Quality 

Instinct of escape (of self preset- Fear (terror, fright, alarm, tre- 

vation, of avoidance, danger pidaoon) 

instinct). 

Pairi n g (mating, r^roduction. Lust (sexual emotion or exate- 
sexi^). ment). 

Social or gregarious mstinct Feehngofloneliness, of isolation, 

nostalgia 

McDougall recognizes m addition to the primary emotions the 
of certain secondary or blended emotions which are 
up of blends of one or more primary emotions Examples of blended 

emotions arehorror, awe andgratitudc, and certamdenved emotions, 

such as joy, amaety, despsar. These latter are eiqienenced as the result 

either of theobstruction or of thefoahtation of the course ofactivities 


prompted by the ptunaiyinstuicts 

Somermimtold4atmaaitiontoomimtmceoutpsy<M^ 

rntifamg fectOTS known as sentiments A sentiment b formed by a 
group of instincts and emotions which are organiad round a p^- 
ttculi object or idea, love and hate bemg typical scntim^tt 
conrpprinn of the sentiments which has been popularized by th 
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psychologist; Dr. A F. Shand, is important m connexion 'with the 
notion of character. A man’s character, in the ordinary sense of the 
word, may be thought of as the system of all his different sentiments. 


INSTINCT AND REASON 

Before we proceed to comment on dns scheme, it will be convenient 
to say somediing of McDougall’s views on the relationship between 
instinct and reason. These are important smee they result m effect 
m a denial of the fireedom and spontaneity of mental processes 
McDougaU only rescues our mmds &om servitude to our bodies in 
order to enslave them to our instincts. 

This result follows firom his a^ertion that all our activities, of 
whatever kmd, are instinctive m ongm. “The instincts,*’ he says, “are 
the prime movers of all human activity, by the conative or impulsive 
fiiice of some instinct every tram of thought, however cold and 
passionless it may seem, is borne along towards its end ... all die 
complex mtellec^ apparatus of the most highly developed mmd is 
but the instrument by which these impulses se^ their satis&cdon 
. . . Take away these instinctive dispositions with their powerful 
mechanisms, and the organism would become mcapable of activity 
of any kmd, it would be inert and motionless like a wonderful piece 
of clockwork whose mamspimg had been removed.” 

We are all femiliar with that somewhat cynical -view of human 
motive which insists on regardmg the intdilect as the mere handmaid 
of our desires, whose function is confined to evolvmg the best method 
of obtaming satis&ction for our instinctive needs. As Aristotle 
remarked long ago, it is desire which sets the ends of our actions, and 
It is the business of reason, by which he meant die practical reason, to 
plan the steps by means of which these ends may be realized. 

Reason, m other words, cannot accomplish anythmg by itself, it 
must be prompted by a precedmg deare before it begins to operate; 
It IS the engme of the ego and desire is the steam wbi^ makes it go. 

Now It would be easy to show, and many ‘wnters are fond of 
diowing, that the supenonty of the savage to die animal and of the 
civilized man to the savage is to be found precisely m his greater 
power of giving effect to ^ desires This greater power he possesses 
m virtue of the greater effiaency of the tool which he has evolved — 
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that IS to say, bis reason; it fiiim^es him not only with justifications 
for what he instinctively wishes to do, but widi arguments for what 
he instinctively wishes to beheve. Ihus all avdized nations are 
enabled to persuade themselves that they are in the nght when they 
wish to make war, and mdividuals comfort themselves with the beli^ 
(hat they are peifoinung a salutary duty when they wish to make 
diemselves unpleasant. The sav^e, not being so efihaent m the use of 
reason, does not feel the same need of moral justification, and is, 
therefore, able to mdulge his instmcts without being under die 
necessity of provmg himself either a dupe or a hypocnte 
Now It IS precisely this view of reason, as a fiiculty which has been 
evolved to find a means of satisfaction for our instmcts, that is coun- 
tenanced, although not exphady advocated, by MdDougall’s view 
of instmct and by many schools of modem psychology 


THE QUESTION OF FREEWILL 

By insisting that reason cannot imdate anythmg, this view dcpnves 
us of the power of freewill It is trae that our reason is set gomg by 
our mstmcts, and that these instincts really are ours; but it is equally 
true that on this view we can nether give an account of them nor 
can we control them. 

It IS usually held that withm limits we can say that we will act like 
this or act like that, although it is agreed that we cannot say that we 
will feel like this or feel like that Our instmctivc needs and instmctive 


reactions are not other words, withm our control; mdeed, they 
often embarrass us by occurrmg m opposition to what we know to be 
our mtcrests; for our actions, however, we arc, it is drought respon- 
sible. But can we on McDougall’s dieory even say that we will act 
like this or act like that? Most people beheve that m addition to the 
mstmcts and the desires that spring fiom our instinctive needs, we 
possess what is called a will, m virtue of which we are enabled to 
r^ress any instinct or desire prompting us to activities which are 
repugnant to our moral sense This process is known as resisting 
temptation In order, however, that it may be cflhcttve, it is necessary 
dhat the will should be able to actfi:ecly. Now can we, onMcDougall s 
view, claim for it the capacity fiir spontaneous action? It scarcely 


seems so. 
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liiere is considerable controversy over the nature of the 'will, into 
which we have not space to enter here, speaking generally, however, 
we may say that it must be either rational or else instinctive m 
character. If it is instinctive m character, an instinct, to use the term 
in a wide sense, whose function it is to ally itself with reason with the 
olgect of keepmg m check the other instincts, then its success or £alure 
on any particular occasion will depend upon the respective strengths 
of the will and of the msbnct which the will is seekmg to suppress 
The case, in short, is one of two warring instincts. If the instinct to 
suppress is the stronger, we resist the temptation; if the weaker, we 
yidd Smce, however, we cannot be held responsible for the com- 
parative strengths of the two instincts, we cannot be hdd morally 
accountable whichever way the issue goes If, on the other hand, the 
will IS rational, we must, on McDougall’s view, conclude that it can 
only b^m to operate if there is an mstmct behind it If it requires an 
instinct to cause us to think about the diffarmtial calculus, it will be 
no less the dnvmg force of instinct which causes us to restrain our- 
selves from lying, from boasting, or from steahng And since, 
whatever views we may hold with regard to the freedom of the will 
on general grounds, the prompting of our instincts is usually regarded 
as a matter outside our purview, the rational sdfcontrol on which we 
pnde ourselves as the basis of a good or strong character must, like 
a good eye at games or a plaad temperament, be consigned to the 
category of those attributes whidi we possess if we are lucky, and 
lade if we are not It is not the existence of what is called sdfcontrol 
which is demed, but our responsibihcy for its exercise. On this view, 
then, educs and all that ethics implies is a fiction; it is rationalization 
of instinctive processes by bemgs whose vanity is gratified by the 
behef that they are moral, but it is a rationalization which is itself 
undertaken at the impenous behest of instinct 

CRITICISM OP THE FACULTY PSYCHOLOGY 
But is it after all necessary to accept this view? In order to answer this 
question, let us begm with McDougall’s theory of in stinct upon 
which It IS founded. How fer, it may be asked, are we justified m 
treating the instincts given m MdDougall’s list as distinct fac ulties at 
all? We spoke above of certam needs which seem common to human 
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beings, the needs for food, for sex, and for society, these, we said, 
were fundamental in the sense that fiulure to satisfy them mvolved 
the death, or at least the serious impairment of the individual Now 
these needs have a further and equally important characteiisdc; they 
fend to recur at regular periods as a result of internal disturhancK 
which are probably largely physiological in character. For this reason 
we may perhaps regard as instinctive the activities to which they 
prompt the individ^ in the sense that these activities, being of the 
nature of automatic rehouse to internal stimuli, are outside our 
conscious control We can ^ve no account of why we become 
hungry; we just do. 

then, we may justifiably regard the activity springing finm this 
type of need as instinctive, in what sense can we apply the word 
instinct to the items on McDougall’s list? The instm rts to cnpib a f 
or to construction (two i n stinc ts which figure on the list) are not 
periodically recurrent, nor does the ^ure to satisfy them to 
serious h a nn to the individual They do not^ therefore, to be 
fundamental ficts of our nature in the sense in which the n e e d for 
food or Sex is fundamental sud they are for foom being universal 
It is probably then, that we should be nearer the truth in regarding 
them merely as types ofze^onse to particular situations, or as charao- 
tenstics of the activity which we life of which we can give no 

account whatever, exc^tto note their prevalence in some mdividuals 
and their absence in others. We are moving here in the djrp-f^i nn of 
r^arding instincts, not as s^ac^ mental units, but as r^anct^stics 
of certain types of behaviour, or, if the metaphor be preferred, as 
focets of a general stream of life. 

It IS in the same direction that we must look for a correct account 
of the relationship of instinct and reason. The difficulties of 
McDougall’s theory arise ficom his treatment of reason and instinct 
as if they were two distinct filings. If they were, in foc^ distiDCt, then 
there would be good grounds for supposing that reason was depen- 
dent on the promptings of instinct; fince in depriving reason of any 
admixture of the driving force of instincc vre should by definition 
have rendered it powefiess to act on its own account But (he mind 
is not a bundle of distinct foculties, and there is consequently no such 
thing as instinct uninformed by rmson, or as reason uniiupired by 
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instinct It is, of course, quite true diat in one sense we never do , 
anything we want to; but that does not mean dbat when we 
want, for to do mathematical problems our wanting is one 

tbiTig and the rational activity to which it prompts us is another. A 
better way of putting it would be to say dut in all our activities we 
are impelled by a dnve of impulses which eicpress themselves some- 
times m behaviour which is caU^ instinctive, as when we seek a 
mate, sometimes, as m die case of the mathematical problem, m what 
are called intellectual operations, but never in bdbviour which is 
either completely instinctive or completely rational We may say if 
we like that the sex mstmct normally finds satis&ction through non- 
rational activities, and die instinct of mtellectual cariosity through 
rational activities, but both reason and instinct are present m each 
case, because each is merely a di^ent current of the same stream. 


THE ORGANISM AS A CO-OPERATING PARTNERSHIP 


Let me try to make diis important pomt clearer by takmg an illus- 
tration fi:om physiology It is known that the ph^ocytes or white 
corpuscles m the blood co-operate with the rest of the organism by 
surrounding and digesting mtrudii^ bacteria. This beneficent activity 
they carry out not mechamcally and under compulsion, but as an 
army of volunteers, each of which is merdy obeying its own spon- 
taneous impulse to co-operate with the rest. “Each phagocyte 
indeed,” to quote Profosor Graham Wallas, "hunts and digests 
neady as mdependendy as if it were an isolated mhabitant of a warm 
tropical sea. A man's hair co-operates with the rest ofhis organism by 


protecong his brain finrn blows and sudden changes of temperature, 
but it may go on growing though the man has ceased to hve. His 


epithelial cells may begm at any moment to proliferate independendy 
and so cause death by cancer ” Thus the body may be regarded as a 
collection of seim-autonomous units, each of which is endowed with 


the power of mdependent action. The process of bodily evolution is 
a process by wbch these units so learn to co-operate widh one another, 
that instead of actmg like an undisaphned rabble, they produce die 
appearance of a homogeneous umL "The aim of the evolunonazy 
devdopment of die central nervous-system," in Dr. Head’s words, 
"is to integrate its diverse and contradictory reactions, so as to produce 
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a coherent result adapted to the wel^e of the organism as a whole.” 
In other words, the body is hke an army of volunteers working 
together for a common end; the more they work together, the mote 
successful the fimctionmg of the body. 

What IS sigmhcant m this view of the body is the conception of the 
co-operatmg parts of the organism as each possessmg its own dnve. 
Carry over the notion mto psychology, and instead of regardmg the 
nund as a collection of faculties, some of which possess the power of 
spontaneous imtiation while others do not, you will come to think 
of It, on the analogy of the body, as a set of co-operating but auto- 
nomous elements, each of which is endowed with the capaaty to 
imtiate mental activity on its own account. Thought, then, does not 
require the dtivmg force of instinct to set it m motion; it is dnven by 
an impulse which is life itsdf, an impulse of which instinct is but 
another manif estation. So far so good, but the analogy must not be 
pressed too fer, for, taken hterally, it would require us to suppose that 
there are distinct dements or umts m die nund, just as there are dis- 
tinct phagocytes m the blood, which is the very conception against 
which we have been arguing. Havmg utilized it, therefore, m order 
to borrow the notion of an all-pervadmg impulse of hfe which 
animates each part or aspect, let us concentrate our attention on one 
such aspect, the reason, and ask ourselves whether a reason which is 
credited with the capacity to function on its own imtiative can pro- 
perly be regarded as reason at all Certainly it is no longer reason 
conceived, as it is m McDougall’s view, as a mere instrument; rather, 
It IS reason blended with instinct m an mdissoluble unity, which defies 
any attempt to separate it mto parts. Like concave and convex, reason 
and instinct may be usefully chstinguishcd for the purposes of classi- 
fication as difierent aspects m the whole to which they both belong, 
but to treat them as separate elements, one of which stimulates or 
employs the other, imphes a rachcally false conception. 

PERCEPTION and' THOUGHT . 

This pomt of view may usefully be apphed to the consideration o a 
question which is often discussed by psychologists, the question, 
namely, of the relation between perception and thought "We ve 
already re ferr ed to the relationship between perception and sensation. 
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and pointed out diat, inasmudi some mental contnbution firom 
ourselves is present as an ii^edient in every alleged case of sensation, 
there is, m fact, no such thmg as a sensation proper. But a finrdier 
stage of mental activity is usually supposed to supervene upon 
perception m order to constitute what is called thought. 

Thought is the faculty of mteipmtmg our perc^tions, of linking 
them with other percepnons, of finding, m other words, a meaning 
for them We have already mentioned this active function of the 


mmd m the last (hapter m connexion with the apprehension of mean- 
ing Our object, thm, was to pomtout that this activity was mexplic- 
able on the basis of the matenalist view of psychology. Our present 
concern is difierent, it is to show that just as instmct was found to be 
mdistmguishable firom reason, and just as sensation was observed to 
shade by imperceptible degrees mto perception, to be contmuous 
with it and inseparable &om it, so is perception equally contmuous 
with and inseparable from thinking. Many philosophers have held 
that the mmd is fitted up with a sort of mampuktmg apparatus which 
gets to work upon whatever material is presented to it, breakmg it 
up and transformmg it mto the objects about whidi we tbinlr If, to 


take an analogy, I had been bom with a pair of blue spectades perma- 
nendy a^ed to my nose, I should see everythmg blue This would 
not, of course, mean that the thmgs I saw were blue, but simply 
that the blue appearance was imposed upon them by me as a necessary 
condition of my seemg them at all Now it has often been argued 
that this mental apparatus to which 1 have referred is hke the ^ec- 
tades, or rather it is like several pairs of them actmg togedier, m 
that It takes hold of the data afibrded me by my perceptions, so that, 
by the mere process of becoming aware of diem, I do, m fact, 


imperceptibly alter diem. This view of die activity of die m 
perception was advocated by the philosopher Kant, who hdd that 
die mmd arranged and dashed everydung by of what he 
called categories, such as space, time, quantity, quahty, with the result 
diatwenever know anything at all as It really IS, but only mdie form 
in which the mind has worked it up and arranged it for us We are 
here at die startmg-pomt of the phdosophy of Idealism, which 
m a intain s diat mmd is the only zeal dung in die umverse. A 
form of Kant’s view has been put forward by die philosopher 
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Vaihinger. For him it is the imagination which wreathes hctions 
around the data supphed firom the outside world, with the result that 
there is no reason to suppose that anything we know possesses an 
objective counterpart m reahty which evoi r^otely resembles it 
*‘Our sensations/* he said, ‘‘produce withm the psyche itself purely 
subjective processes to which, m the modem view, nothmg m reahty 
— ^picture It as we will— can correspond.*’ Hence the eiqplanation of 
what we experience is to be sought m the nature of thought itseli^ 
rather than m the outside world. 

Theories of this kind give rise to many mteresting speculations as 
to thereahtyofthe external world, which belong rather to philosophy 
than to psychology, and cannot be pursued here. We have mtroduced 
them o^y because of the emphasis which they layupon the complete 
interdependence of all ment^ processes You cannot feel the heat of 
the fire on your hand without perceiving that there is something 
that warms you; you cannot peimve what the something is without 
judgmg it to be a fire, you cannot recognize the fire as a fire without 
synthesizmg your sensations of it, mteipreting them in the hght of 
your memory of past eiqiencnces, and, for all we know to the con- 
trary, workmg them up and distortmg them out of all recogmtion 
by means of the mental apparatus which insists on taking (barge of 
and transforming the raw material that comes to it We never get 
any impression from the world raw, it is always cooked, and from 
these culinary operations of the mind there is no escape. 

SUMMARY 

In this chapter I have tried to present a picture of the nund not as a 
bundle of tru^nfctl units known as frculties, but as a dynamic ever- 
changing force, the activity of which conforms to a number of frirly 
well-defined types of behaviour Accordmg as one type or another is 
most prommen^ we say that one or other of our so-ialled frculues, 
instinct or reason, as the case may be, is fimctioning. But m pomt of 
fret the whole mmd is present in each of its activities, and all its 
so-called frculpes are comprised m each. 

This way of regarding the mmd is now accepted m the mam by 
most psychologists. One of the oldest traditions m psydiology to 
which almost all psydbologists have subscribed, is to distinguish m 
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any given state of consaousness tliree aspects of die state known 
respectively as die cognitive, adecbve, and conative aspects (know- 
ing, fedmg and striving). Nearly every eiqperience, it is agreed, 
presents these three ureduahle aspects It is first of all a knowing or 
a thinking about something, secondly, it is a fedbng about the some- 
thing, whether pleasandy or unpleasandy , and thirdly, it is a stnvmg 
towards or aivay fi;om the somedung. 

In any given eiqpenence any one of these aspects may be more or 
less promment, but each is always present to some extent, even if m 
extreme cases— e g , in that of the mathematician doing a problem, 
one of the aspects m this case the al^tive, may be almost neghgible. 
It follows— and this is the conclusion that we wish to emphasize— 
diat there are no pmly cognitive, afective, or conative eicpenenoes 
The aspects we have distinguished m mind are like waves on the sea; 
they are continually changing dieir form, they merge one mto 
another, and they have no separate existence either &om one another 
or fi:om the sea which owns them. Yet just as, however smoodi the 
sea, there always are waves, however dight, which can be dis- 
tinguished in though not separated &om its movement, so in expen- 
ence we can always distinguish aspects in which the nnnd as a whole 
is at any one moment expressed. If we stead&sdy adhere to this 
attitude to mental processes and apply it constandy throughout our 
psychologizmg, we shall avoid many of the mistal^ which psycho- 
logists have made m the past 
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THE THEORY OF THE UNCONSCIOUS 

IMPORTANCE OF THE THEORY 

I T WOULD EE mislecidiiig to conclude this outhne of modem 
psychology without giving some account of the theory of the 
unconsaous, although we have space only for the briefest sketch 
The theory of the unconscious is duedy of im p or tance for psycho- 
therapy — ^that IS to say, for the practical treatment of nervous diseases 
and psychological abnormahties, and belongs, therefore, rather to 
what is called psycho-analysis than to psychology proper In so far 
mdeed as those who approach psychology foom the psycho-analytic 
standpomt have sought to present a complete picture of the working 
of the human mmd, they have been largely unsuccessful. But although 
the theoretical basis of psycho-analysis is highly questionable, there 
can be no question of the succes whidi has attended the methods 
adopted by psycho-analysts m treating nervous diseases These 
methods have been largely based upon the assumption that the 
unconsaous as conceived by Freud is not a convement hypothesis, 
but a foct, and the psychologist is, therefore, obhged to take nonce 
of a theory as to the ongm and nature of mental processes which in 
practice has been so fouitfol of results The subject is also important 
for another reason. If all that the most extreme supporters of Freud 
assert about the unconsaous is true, thoi none of our consaous mental 
processes are free, they are conditioned m every case by unconsaous 
elements whose genesis escapes dctecnon, and whose workmgs evade 
control. This conclusion, if true, is of the first importance for 
psychology proper. 

I propose, therefore, in die brief space at my disposal, to try to 
present m outhne the picture of our psychological interior, with 
which the writings of the late Dr. Sigmund Freud, the Viennese 
psychologist, have made us femiliar, and to give one or two illus- 
trations of the life of its inmates Before domg so, however, I should 
like to point out; — 

1. That the theories of Freud are not accepted either by all psycho- 
logists or by all psycho-analysts Another important psycho’^analyst, 

444 
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Dr. Jung, of Zuiidli, while accepting m pzmaple fhe Freudian theor 7 
of the unconsaous, amved at very dhSlerent conclusions as to its 
nature and the influence it exerts on consciousness. 


2 That the whole theory of the unconsaous is as yet pure hypo> 
thesis, and diat not only do many psychologists refuse to acc^t 
hut there is no sort of agreement among psycho-analysts themsdves 
as to many of its salient features 

3 Tha^ nevertheless, there can be no doubt of the important 
mfluence which the theory of the unconscious has exercised upon 
modem psychology For this influence Freud is more dian any other 
dunker responsible His flnt book was published as long ago as 1892, 
his last m 1939, and he may jusdy be regarded as the founder and 
chief ei^onent of psycho-analysis. It is for dus reason that 1 have 


chosen his conception to form the basis of the following sketch. 


TEE FREUDIAN INTERIOR 

The individual’s mental mtenor may be likened on Freud’s view to 
a house with two floors, one of wludi is a basement. Each floor is 


inhabited by a diflerent flunily. The ground floor family (the con> 
saous) IS small, select and respectable. It is conventional m the 
English way— that is to say, it is anxious to keep itself to itself, while 
at the same tune determined to put up a good show before die 
neighbours In dus laudable endeavour it is continually embarrassed 
by die activities of the basement (the unconscious}, whuh persists m 
theattempttodevateitseLfinsoaetybymixmgwididieflunilyonthe 
floor above It is a large, pnmitive, untidy, disreputable sort of fomily, 
this basemoit lot, noisy and selflsh, canng not a fig for respectability, 
and a prey to unbndled desires which it msists on satisfying without 
r^ard to the feelings of others Apart fiom its laudable endeavour to 
raise itself m the sodal scale by penetrating upstairs and its volcanic 
energy, there is nothmg good to be said for it. So at least the ground 
floor dunks, and, accordingly, witha view to keeping these unpleasant 


naghbours down, its inmates have hired a sort of pohceman (called 
by Freud die censor), placed hun on the staircase between die two 
floors, and charged him widi die job of preventmg the basement 
people fixim getting access to their own floor. It is upon this job diat 
the pohceman is permanendy engaged, with the result that diere is a 
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perpetual senes of conflicts on tlie staizs. 

These conflicts may issue in one of three ways: — 

1. The pohceman may succeed m keeping a basement 
permanently and effectively under. Thus, denied access to hght and 
air and deprived of his natural oudet, this thwarted mdividual (un- 
satisfied desne) may gobadandi^ter;likeastreamthatisdamniedap 
and overflows into a stagnant marsh (compka), he may come, m 
tune, to poison the whole of the house, affecting, however shghdy, 
the activity of each one of its inmates (neurosis). 

2. The basement inmate may wm through m spite of the pohce- 
man, but only on conditions— namely, thathe consents to befurbished 
up and made respectable. The violence of his primitive individuahty 
must, in other words, be toned down somewhat to accord with die 


conventions of social usage. This process of bemg made £t £ot decent 
society (sublimation) may alter the primitive basementer out of all 
recogmtion (Thus an unconscious d^e to dope with your house- 
maid muy be sublimated intoasuddoi aversion flompidded walnuts) 
3. The basement mmate may come through unaltered This 
happens when the policeman is off his guard, especially when he 
goes to sleep. Hence m dreams we are ficequendy brought flice to fece 
with the inhabitants of our basements, and although, when we try to 
remember our dreams on waking, the policeman returns to his dunes 
again and distorts the dreams m the process of recoUecUon, dream 
mterpretation is regarded by psycho-analysts as one of the best 
methods of disclosing the hidden seaets of our unconsaous sdves 
Many psycho-analysts hold that all the inhabitants of our ground 
floors are subhmated versions of the inmates of our basement selves, 
and members of the Freudian school assert that all or almost all our 
basement desires are scmial m character, although it should be added 
that the word "sex” is used by them m a sense so wide as to be to all 


mtents and purposes techmcaL 

Our mental life, then, may be hkaied to an iceberg, the part of it 
that appears to view is only a very small propomon of the whole; 
what is more, it is not the part that really matters. We used to think 
that we could to some extent control our thoughts and desnes, sm 
that we could, therefore, to a large extent be held accountable for 
what we did. The plam man m particular has been taught and is 
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accustomed to believe diat there is in his soul an element or hicolty 
called the consaence. The consaence acts rather like a barmaid m a 
pubhc-house. the b armaid would permit die mdulgence of a desire 
for a certam rime and up to a certam point, and then “Time’s up, 
gendemen,” she would say, “ out you go,” and out the desire would 
go, whedier we liked it or not ^ however, the Freudian view is 
correct; consaence itself is a sublimation of an unconsaous desire, 
and we are no more re^onsible either for its appearance m con- 
saousness or for the strer^ which it exbbits, dim for the appear- 
ance and strength of the other desires it sedb to control hi this 
respect Freud’s dieory issues m condusions not dissimilar finm those 
of Professor MdDougaU’s theory of mstmct which we considered m 
the last chapter, and like that theory, has the effect of senously 
undermining the basis of moral responsibihty. 

KEMARES ON TEE UNCONSCIOUS 

I have no space fer a more detailed examination of the theories of 
Freud and other psycho-analysts; nor is dus the place for a cndCum 
of them It will, however, be suffidendy obvious, &om what has 
been said with r^aid to the so-called “Acuity” psychology m the 
last chapter, that the endeavour to conceive of die human “mtedor’’ 
m the somewhat picturesque terms that psycho-analysts adopt is 
bound to be misleading. We have argued against the assumption 
diat die mmd contains separate Acuities, such as instinct and reason, 
and the same consideration must apply to consdousness and the 
unconsdous concaved as distma and persistent states. 

The notion, for example, of an unconsaous as a kmd of under- 
ground dungeon m which repressed desires remain imprisoned, 
awaiting a means of escape, is &r too dramatic to be accepted even 
as a symbohc representation of what occurs. When we temporarily 
suppress or foi^et a desire which subsequendy recurs, we have no 
more ground for supporing thatithas sorrow somewhere persisted 
all die time than, to useasunileofMr. Ogden’s, wehavedirr^rding 
“ the return of spring each year as a proof that she has been lurking 
underground all the wmter." 

What persists is probably a certam pattern of the nervous centres, 
ofdietypewhichwedescnbedinChapterTwo Whendieneedwhidi 
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prompted die ongmal wish recurs, it finds this pattern awaiting it, 
sad accoidmgly appears m our consaousness as a completely formed 
wish, carrying with it the fedmg that we have espenenced it before. 
It IS on hnes similar to those laid down m Chapter Two that many 
phenomena, whidi psycho-analysts mvent hi^y dubious entities 
and foculnes to mcphun, may be more correcdy interpreted. 

But though the theory of the unconsaous upon wbdi most 
psycho-analysts work may be somewhat crude! and over simple, there 
IS no denying the effectiveness of the cures which have resulted from 
an apphcation of psycho-analytic methods These methods have 
aimed at tapping the unconsaous depths of the mmd, and bimgmg 
*hwr contents to the surfiice, and their vahdity rests, therefore, upon 
the assumption that the mind, like the spectrum, has certain invisible 
eictensions, which are as important and as susceptible of mvest^Uon 
as Its visible regions. The foct that these esctensions must be conceived 
m terms of particular settmgs of the nervous centres rather than as 
pools or reservoirs of persistmg desires does not affect the great value 
of Freud’s work. 
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CHAPTER ONE 


ASPECTS OF THINKING 

E very one thinks. Not every one thinks dearly. Most people 
imagine they think dearly. Those who know they don’t thi^ 
dearly are thinking dearer than those who don’t 
As you read these lines you are thinking. We need not consider 
now where e3uu:tly tbs thinking is taking place— m the head or more 
particularly m the brain, or whether it can be located at all exactly. 
AH we need accept is that this thinking is being earned on by an 
organ inside your body Also for the moment we do not consider 
the particular thmgs with wbch the thmkmg is conceinmg itself, 
what we wdl call the content of the thought, although that is really a 
very important part of the whole process; just that you are a human 
being, the seat and agent of thought 
So when I look at you m these circumstances I realize diat, as you 
dunk, some process is going on ’’out there.” 1 can say diat your dimk- 
mg IS an objective process, meanmg thereby diat it does not matter 
much whedier I am lookmg at you or not, the thought process con- 
tmues to go on in your head or m your body neverthele» As br as I 
am concerned your thinking takes place objeedvdy, that is my first 
condusion about your thmkmg. 

I am not the only person concerned aboutyour thoughts, I am only 
die onlooker. You yourself are more mtunatdy mvolved m it than 
any one dse. You are the seat of the process, you are doing the think- 
mg and you are expmenang it. You make contact widi your thoughts 
mtsemally, or as one says subjectively. You ei^enence an aspect ofyour 
thmkmg diat no one dse gets I can imagme what it is like, because 
I also do thinking , but as fiur as youm is concerned, you alone ei^en- 
ence this mtemal, this subjective aspect o£your thoughts That is the 
particular or personal side of your activity, neverthdess it is one com- 
mon to us all. ' 

We say then that thinking has at once both a subjective and an 
objective aspect, or that die process called thmkmg exists objectively 
and is experienced by the think er subjectively. 

When you are du nking somethmg spead is happening to your 
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brain It is undergoing some change Ifl could sec through your skull, 
I imagine I could watxiL these changes occurnng. They ate accom- 
pamed by tmy electric currents over your brain Professor Adrian has 
actually devised a dehcate electric instrument for foUbwmg them as 
they occur durmg thinkmg. Once again we need not concern our- 
selves with the detailed nature of the movements that are takmg place 
there. Ihey do occur objectively. In that sense they are not different 
from the changes that take place, say, on the sur&ce of stone, the kmd 
of e£hct we call weathetmg. There is nevertheless a vital difference 
between the case of the stone and that of the brain; the difference 
between hvmg and non-hvmg matenal, between animate and inani- 
mate matter. Although both show objective appearances of change, 
evidence seems to show that only ammate or hvmg matter mepen- 
ences these changes subjectively. A human being is cut with a knife. A 
penal is sharpened. In both cases the cut occurs and eiosts objective- 
ly; m the case of the hvmg being only, is the cut eiqpcncnccd also sub- 
jectively. There is no meanmg to the word subjective ui the other case. 

The first pomt we have to seize hold of, therefore, is that while 
thinkmg is a process that occurs objectively, that process is expen- 
enced, or felt, or sensed subjectively only by the thinker. It is somc- 
thmg dse that the onlooker gets out of your thoughts. We can perhaps 
appreaate dus pomt m another and more stnkmg way if we take an 
analogy to a certam form of thought, viz., memory, thinking of the 
past Pick up a stone on a mountam side, and examme it closely It is 
chipped m places, covered vnth scratches, some deeper than others. 
One side is more weathered or affected by air and moisture than 
another If it were worth while you could piece together a great deal 
of the past history of that particular stone fiom a dose study of these 
surface effects. Had the stone been a human being, every scratch and 
knock that left its effect on the suifiice would have corresponded to 
an expenence diat would have beai subjectivdy or internally 

the person. In varying degrees he would have remembered them Ine 

scratches and wcathermg would represent the physical side of the 
stone’s memory, if it had one Once agam note that die word ^ 

IS only used for those cases where there is also a subjective side; tor 
remembering is dunkmg about past events. Thinkmg is always con- 
ducted in the present, but the centre of thought may be an image o 
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the past, a thing of die present, or a constructed image of the future 
Hem does an outsider become aware of the existence of the process 
gomg on inside the thinker? After all we do not see through people’s 
skulls Can thinkmg be conducted widiout any outward evidence 
showing Itself? If mdeed this were so how could we ever collectively 
get to know of its existence? We would have to imagme ourselves as 
immobile creatures with glassy stare, stiff hps, and paralysed limb s. 
We would not be human beings at all For thinkmg does not show 
Itself to us m molecular movements m the biam, but m speech sounds, 
movements of the bps, glances and twinkles of the eye, gestures of the 
head, hand and arm. It shows itself m behaviour. It shows itsdf m 
action and in the relations between successive actions we perform We 
recognize a plan, a pattern m the activity, and we condude that the 
mdividual has been domg something we do ounelves, thinking 
Take speech for instance It is one of the outward, visible, and audi- 
ble signs that thinkmg is takmg place The thmkmg may or may not 
he good, accurate or clear, but the i&ct remains that such muscular 
movements of the diroat or hps are almost mvanably a sign to us that 
thought of some kmd is taking place 
There is ample evidence diat dus is so Indeed, those who associate 
themselves with what is called the Behaviouristschool ofphilosophy 
evenassertthatthought without speechmsomeform, however primi- 
tive, IS an impossibihty , that even when no sounds are enutted, what 
we call dunking is always accompamed by muscular movements of 
the diroat They go further than this They say that smee that is aU 
you can see, smee all else is unobservable, youhaveno nght to suppose 
there is any other side to it Thus to diem thought is muscular con- 
tractions of the throat. The two are identical, they maintain. Now 
we have already perceived diat thinkmg is both a subjective and an 
objective process When an mdividual ^inks, he may mutter to him- 
self, pucker his brows, walk up and down. When he reads or wntes 
“with concentration” we say he is carrymg through a task diat 
mvolves “bram work,” and these are also some of the signs we usually 
associate with tbmlring by human bangs They are to us aspects of 
die whole thinking process The Behaviourist stops at diis stageand 
asserts that diese are really all we can mean by thinkmg He asserts 
diis because he insists on restncting himself only to die outward signs 
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vtsihle to the onlooker. But after all, seeing is not the only way we 
perceive things and processes. We may sn^ them, hear and 
fee! them Can we smell, hear or fed another person thinking? Rigor- 
ously of course if we maintain die attitude of the onlooker, we will 
only look on, we will only see^ hut we are thereby unduly restncting 
our powers to deal widi the situation Blind people think and can^ 
fi»m speech and gesture when others am thinking In an indirect way 
we can enter into the thought processes, or appreciate the course of 
these thoughts, of someone dm. That mdirect way is through our 
own subjective view or fcchng of our own thoughts. But the 
thoughts that we fed in this way, thoughts that I am railing our 
own are arousra in us by the particular sounds emitted by the other 
person. The motion of the bps, and the sound emitted convey to us 
an te^ression of the fedings and mtemal reflections of the ihmker, 
by arousing in us what we must suppose is a similar tram of thought. 
What this really amounts to is that we assume or infer, that when 
another individual says something, the internal or subjective feelings 
he has are similar to Aose we have when we use the same words hi 
spite of any doubts that may arise conc erning the justification fiir 
diis inference, to the ordinary listener it is these speech signs and 
what they evoke, the mental images and pictures, the feelings of 
assent or dissent, that repres^t Ae most important d ement m 
thought sharing and thought passage. They produce a subjective 
reaction that to eadi of us is modi more important rban the musc «dar 
movements themsdves, for the latter arc to the speaker and to us 
simply the instrument for ei^ressing his tho u g h ts and evoking a 
response from us. This could be done by a gramophone It is done by 
a book. It would appear therefore that die Behaviounstmiefusingto 
recogniae the mastence of anything other than the instrument it^ 
the speech mechanism m this instance, is restricting himself simply to 
one very tnvial aspect of the problem of thought commumcauon. 

Now there is a very important lesson m all this fi>r us To see this 
let us go bade to our illustration of the stone, weatherbeaten and 
scratched, as we discovered it on the hill>«ide. What a marvellous 


description of its past history could be built up by a modem saentific 
Sherlode Holmes, equipped as he would be with profound geological 
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and undulations, and tlie grams of foreign material diat adliere to tlie 
sur&ce, chemicals and balances for analysing the composition of these 
dingmg particles; apparatus for hardness tests to discover the pressure 
and force of the blows and of the scraping it has undergone. By the 
time Shedock Holmes had completed his kvestigatiQDS, smoked his 
many pipes as he pieced his evidence togedier, and pondered carefully 
his conclusions, you can depend on ithe would have a donating tale 
to tell his fiiend Dr Watson, a tale of wanderings, rollings and jolt- 
mgs to which the stone had been subjected over a long period of its 
past history, perhaps diousands of years. Endow your stone with a 
brain, not too good a bram— xad^ an inferior one->a stupid brain. 
Endow it with feelings and the power of language at a level to be 
expected of that bram and those ft^lmgs. That is to say, suppose it 
has words to describe its feelings, its thoughts What could it not tdl 
us of its wanderings, its hairbreadth escapes, the agonizing blows it 
was struck, the torture of the scratching and ripping it endured. Of 
the stone's own impression of its e^eriences, Sherlock Holmes could 
have told Dr. Watson but htde. Widi his fertile imagmation he could 
possibly have suspected but he could not have been certam of the 
whole story. He would require feehngs and thoughts similar to those 
of the stone, to appreaate it properly Can we ever imagme what a 
spanow feels when caught m the daws of a cat? The higher die levd 
we have attamed m sensitiveness, die further are we removed feom 
creatures less endowed in that respect, and the more difficult is it for 
us to descend emouonally to the lower level 
The picture can be reversed. How much of the history diat the 
saentific detecuve had pieced togedier would die stone know? 
Exdted and overwrought as it was durmg its struggles, what could 
it know of die dispassionate analysis of die geologist, the diemist, the 
physicist The condusion is obvious. The full story requires both the 
external and mtemal view. Ithas to be seen and it has to be felt, it has 
to be looked at objecnvdy and it has to be experienced subjectivdy. 
Eadi presents us widi only a partial picture. For let us remember that 
the more strenuous die eiqienenr^ ffie more positive would die stone 
be of the nature and explanation of its tiav^, and therefore the less 
competent to see die whole affiur objecdvdy, diat is to say, as seen by 
the observer. 



456 


THINKING 


The converse is also true. The more objective one is, that is to say, 
the more one is a mere onlooker, the less competent is one to enter 
into the affair subjectively It follows, tbierefore, that sinc e events that 
afect human beings, and indeed also animals, have both a subjective 
and objective aspect, we will certainly be deludmg ourselves if we 
imagme that dther apurdiy objective or a putdy subjective treatment 
IS anythmg like adequate for die whole story. If we were to use the 
word truth to stand for the whole story** then neither approach in 
itsdf can lead to truth. 

There is, however, more m it even than this How often have we 
heard the phrase *‘I feel intensely diat this is true ** No doubts The 
statement m itself is evidence of the mtensity of the feehngs, but is it 
evidence of truths Many people in the past have hesn. convmced and 
passionately cxinvinced, of the truth of &lsdiood Many martyrs m 
history have gone to the stake in the false behef they weic dying 
for some ptemal truth The statement quoted reflects rather die sub- 
jective and mtemal aspect of somethmg that talcpjt place esctecnally, 
but whether the readmg of that event derived from internal evidence 
alone is consistent with the evidence that would be obtamed externally 
is another matter. For this question of evidence, and this matter of 

truth are difficult affiurs about which words mustnotbe usedlighdy 
or conclusions arrived at without due regard to all the circumstances 
^ Wie have to remember this when we meet people whose convicnon 
of truth, and the vehemence with which it is expressed, is offered as 
evidence of the accuracy of what they assert Certam “truths” may 
of course be mainly subjective, and oly ective evidence merely circum- 
stautial For example, if you tdfl me you feel a pam, how can I “venfy** 
(note the word— -verify=make true) your statement You know 
whether or not you have a pain. You know by feel It is a feeling 
That IS what the word pam is used for, to descnbe what you know 
youfed Ifyou are a schoolboy, and you tdl me that you have a sore 
throat, and cannot therefore go to school, all I can do is to wait until 
you have managed safely to evade school, and as soon as I hear you 
staging or shoutmg loucfly, pounce upon you triumphantly with the 
remark: — 

“A boy who has a sore throat doesa*t behave like that'” I check 
your statement against the evicbnce of other human beirgs m cases 
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where people say they have sore diroats Just as I had to deduce or 
infer the existence of your thoughts from your behaviour so also I 
have to infer the existence of your feelings &om your behaviour. 1 
check the theory suggested by your words that you have a pam, 
against your behaviour. 


Manypeople**think” with thdr fillings Here I am using the word 
fhtnk m a sense di&rent 6:0m before We have regarded tbinlcmg 35 
a process associated with the bram, but we saw also that we, onlookers 
on other people’s thinking, concluded £rom behaviour whether or 
not they were dunking. Now, thinking is not the only process that 
can be seen through behaviour Feeling as much as thinkuig shows 
Itself m action m this way 

“He IS very emotional,’’ we say, when we mean that m certam 
circumstances the individual is “earned away” or is “overcome ” We 
suppose that his actions are bemg deaded pimapally by his &elmgs, 
ra^er than by his thoughts. 

“He is cold and calculating,” we say, when his thmkmg gmdes his 
actions, and his feelings are smothered 

Now do not let us assume that “correct” action is necessarily to be 
deaded adier by thought or by feding, either by bemg cold and 
calculating or by bemg emotional. Many a person has emotionally 
rushed to do die correct dung Many a person has thought out his 
course of action carefully and done the wrong dung. Right action 
and wrong action (or shall we rather say correct or fake action^) 
may have to be discriminated not by the process of amving at the 
decision, whedier by thought or fedmg, but by whether “objec- 
tively” the action fits m with the process we mtended to hiing 
mto bemg AU this we shall have to enter mto m greater detail later 
on, but for die present we can sec that correct or ^e thinking is not 
such a sunple process as we may have imagmed, that somehow or 
other It IS fiequendy mterlocked with correct or false feelmg, and 


correct or fake action Furdiermore, that smee thinking has ako a 
subjective aspect, it is probably m this respea that it links up with this 
question of feelmg, dut continually obtrudes itself m this discussion. 

Butfirstwemust get ourselves straighten the use of words. Already 
m this chapter we have seen how easily we tend to use words loosely, 
and to confuse our dunking by that very looseness of expression. 
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THINKING ABOUT HUMAN SOCIETY 

T2.iAGi:fE HUMAN HISTORY as a pageant sct out along a Strip of 
l£lmaboutfifty feet loi^ and unroliing itself firomadim, nnrprhim 

pasti ^ough i3ie dark ni^t of die Middle Ages to die out- 

lines of die present. Here it vanidics abrupdy. At one end our 
ancestral parent, scarcely distinguishable feomdieniodeinape, gropes 
■with blurred mind through a world he cannot realize^ life apeipetual 
physical struggle, food above all his first conriderarion. At the other 
IS the alert member of a modem civilized community, in 
control of the forces of Nature carried about hith^ anA diidipr ■vpidi 
incredible speed, within a few minutes in direct communication by 
wirdess or tel^hone or telegraph with any other individual on the 
planet; the inheri tor of a h^hly complex society "With daboiate 
amuse ment s, literature, muric, srienc^ intric a t e machinery for the 
pro'vision of food, dielter, doihing and the sarigfertion of his cultuial 
interests. How has this transformation talrpn place? Let us wratnine 
this film in detail, a fiill hour to allow this fifty feet to fmmll before 
our eyes, a motion picture, displayed with an incredible slowness 
which is neverthdess essential if we are to study it. Forty-nine feet 
of film creep steadily past our eyes. A bare minute now remains of 
die hour, and yet we have scarcely seen tnan pass beyond his early 
savage stage. "Why has he moved so slowly throughout the ages? At 
last the beginnings of civilization appear. F^teen seconds firom the end 
while butthreemches of thefiftyfeetremain, the Christian era begins. 
As t he film creeps slowly on, and the last few seconds beat out; events 
begin to dash past ■with gathering speed. Two vital seconds are 
absorbed in the darkness of the I^^e Ages, a crud civilization 
steeped in mysticism and magic An eiglid i of an inch firom the end 
with yet one second to go, *‘Pu£5ng Billy” flacbw momentanly into 
view, andmodem transporthas emeiged; thehidustiialerahas begun. 
With the last halfsecond there is a sudden illumination by dectnc 
power and the modem world dashes in; widun die last thirrieth of an 
inch, aviation and wirdess. Visually we can discriimnate no more; 
dow, tedioudy slow as the film has moved, the speed of change dur- 
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mg die last quarter of a ceutory is yet too &st for the eye to discern 
even die broad phases of what has happened. It finishes in a momen- 
tary blur. We pidc up die film at our leisure and eicamine the end. 
To what heights, we wonder, must these human bemgs have risen, 
who m such an incredibly short span have shot up god-hke m their 
mastery over tune and space? Thefilmtdlsus At a distance equal 
to the thidcness of a fine Ime from the end the climax firom savagery 
to culture is reached, avihzed man steeps himself m an orgy of blood 
and slaughter on a world scale, bunging to bear the highest refine- 
ments of brutahty and the greatest powers of destrucdon with which 
he has succeeded m providing himself 

Such m bnef is the history of avdized man. 

What of his future? Dare we predict even a hair’s breadth beyond 
the end of the film? 

Why this slow fiickeimg of a flame throughout the ages, why dns 
sudden nse to bnlhance? What has driven it on? How has it all 
happened? 

If we are to discover how we do think, this is the picture we shall 
have to keep continually before our minds. We must know who we 
are, where we came firom, and what has happened to us. We shall 
have to see ourselves objectively, as people that fit somewhere mto 
this picture; subjectively as individuals with feehngs and desires some- 
how associated with what has happened to us throughout all these 
long ages, members of that long procession that stretches throughout 
die 500,000 years &om early primitive man to the present day. We 
shall have to discover what we have inherited &om diat vast hneage 
For do not let us imagme that we can ever fiee oundves completdy 
fiom the shackles of the past Scarcdy more than 10,000 generations 
separate us fiom that gnnmng parent of outs who hved on what he 
could capture fiom die wild, tearmgitlimb fiomhmb as he devoured 
itahve. 

We are doser to the savage than we may imagme. It is unlikdy that 
the htde upstart, modem man, emergmg so recendy fiom an atmo- 
sphere of hate, and fear, and suspiaon, can have done much more 
than press bdow die surface many of the habits and moods that 
governed diehvesofhisforefidieisforninety-eightper cent of their 
wandermgs on earth as men. Our problem is to see this question of 
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diinkiQg in its troe peispecdve. We xoay go hc^esdy 
diat petspective be bistoncal and sodal in die fiist pJace, men 
have always been fiagmenls of society, coloured and coiiditiGnedly 
dieen\nronmentdieythrivedin;anddiisf3m,ifitdoesnolhingm(Me, 
bxings out to ns how modi of that environment was pnmitive and 
wil^ how much of it was imp osed by the combat with nature. 

Now die first pmnt to tiM-ngniTe is that in die case of no odiec 
animal could such an histoiical picture be produced. Auima k cer- 
tainly have evolved atid some have fbangwl in diape and appearance 

considerably throughout recorded dme. Horses of Eocene times, fin 

rnstaini^j wcre of thc szc of do^ mnning <mi five toes instead of a 

hoof What we have seen here, however, has not so modi been die 

changes that have shown themsdves in the physical makc^ip or the 

outward appearance of man, as in die society he has created. If one of 

our a nce st or s, say 50,000 years ago, were washed and diaved and 
dressed in evening dndies, I have no doubt that; apart fimn his social 
behaviour, he would nowadays pass tumodeed at any banquet 
we can put it in another way. There ate many human bong? 

present-day society who, in all but hair and social habits, and son^ 

tunes even m tha^ might well be members of the sodety of priniittve 

man. 

Thi^liffi rr ninal point; pf ilifiergne e between ma n an dodier amui a^ 

therefore, would appear to lieinthe feet thathehasabi^y organic 

sodal hfe. How has it come about, then, wc may ask, diat mambas 

««• « W 


Afier all, he is not the only aniinal that lives in herds, nor is Ik 

only live diing that lives in a complex society. Ants and bees 
rrtmmimitifffi atid have a highly involved code of bdiaviourj oo 
not a siinilar picture be drawn for them? 

And here a word about the very language we hare medm 

dn^ i ss ue. Why do wc say that man has aiccecdcd in bunding up a 
devdopmg society, and ants and bees hare^fed? In 

seem to be implying a deliberate and consaous effort on ito part 

bolL There was certainly no sudicooscionsness. As wes^ sec 

a moment, in the case rf man success d^ended prmapalty 

possesaon on the part of man ccrtdn physical characterBOO^ 

no otber animal or insect possessed to anything 12 k die same d^?®c. 
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Each generation of human bemgs begins h& widi rekbvdy few 
inhentedmstmcts, and what few there are are rapidly altered or trans- 
formed as the child undergoes its traimng &om its earhest days His 
physical appearance and his bodily structure he inhents from his 
parents, in exactly the same way and accordmg to the same laws as 
with any other anunal His capacity for learmng is, however, associ- 
ated with his biam, and it is die bram of man that is umque among 
his brodieis of die animal world. This must not be understood as an 
assertion that “mteUigence” is, m individual cases, derived hrom the 
' parents What is to be understood by such a characteristic, and how 
It IS to be measured m order to study its mode of mhentance, is a 
difficult problem and by no means yet solved Rather is it man’s 
capaaty to learn and die physical characteristics of the bram known 
to be associated with this, viz., his large fbrebram that remains a con- 
stant mhentance widim the human &niily. When we talk of mhen- 
tance m man, therefore, let us recollect diat there are in reahty two 
processes gomg on at the same tune Individuals mhent physical 
features firom their parental stock, and with this the study of genetics 
is concerned. But over and above all this, every new-born child 
inhents, from all previous generations, a vast storehouse of know- 
ledge and expenence, a code of behaviour, habits, and customs. As 
a human bcmg he possesses a ffirebiam that is so plastic, so sensitive 
to change, that during the short span of his life he can acquire a fund 
of knowledge and expenence that is approximately the summation 
of all that has been acquired by past generations of his forehitheis 
Every child m this sense stands on the shoulders of his parents, his 
grandparents, and, indeed, on the shoulders of all previous genera- 
tions His bram bemg such that he also can learn by new expenence, 
he m his turn makes his contnbudon to the common stock and leaves 
die world ncher for his having been bom 

It IS, then, this power to Icam by experience and to pass this expen- 
ence as social capital mto the common fund that is crucial for man’s 
evolutionary development 

His power over nature has dius grown by leaps and bounds For 
every child enters mto a world, changed by the discovcnes and appli- 
cations, small and scarcely perceptible as they may be, introduced by 
all his fbrbean Each child benefits from these to a greater or less 
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degree and introduces fiirdier changes. Such a hfe, such a soda! 
environment^ can ne\er be static. Ch^e and development is of its 
essence. In the individual, crude pnmary instincts habits and 
routine may be of little consequence or of little direct value con> 
trasted vrith the power to learn rapidly bow to use, and how to 


benefit firom, every change that he and his fellow members of society 


can initiate. 


It is highly probable that for many thousands of years ants and bees 
have not changed the routine of their corporate hfe. They have bmlt 
their ant-heaps and their bee-hivestoanunchanging pattern During 
this penod man has transformed his savage state to that of modem 
communities During the past three generations, for example; 
Western fiurope, in heconung industrialized, has made the whole 
complex of habits and customs of the population undergo profound 
changes. It has passed rapidly from the agricultural and the sunple 
handicraft; stage to that of a population of dwellers in huge aties and 
slums It has given birdi to new interests and detires, and It has dis- 
covered new methods of satisfying them. In three generations the 
whole balance of its social life has altered m a profound and revolu- 
tionary manner. Compare this with msectlifo. What changes m social 
organization cake place in three gmeiations of ants or bees? Less than 
500 generations ago our ancestors were wandering savages What 
alterations m ant life takes place m 500 generations? 

In nerve and brain structure man is anatomically a totally different 
type of being. His speech and his wntings and his educational system 
have made learning possible withsuchaspe^ and on suchascaleand 
to such a depth that as discovery follows learning and learning follows 
discovery Hs social life rises in leaps from one level to another, it 
cannot stand still. Growth and development are now an unavoidable 
part of its composition. 

Do not let us imagmc that because of our achievement m thus 
building up a compheated modem society we can pride ourselves on 
having done so dehberately and consciously On the contrary, we 
have bungiled and blundered, we Have fought ourselves blindly into 
it. In succestion we have toed and erred, succeeded and felled. Nor 
are die instraments we have forged for social life, the instruments o 
speech and thought, of construction and oigamzation, in any sense 
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perfect These also we have produced in a blundering and bungling 
way. We have muddled through to our present position. As new 
disrovenes have been made, and new ideas have passed from them 
into the sodal texture of life, new words have had to be invented or 
old words have been strained m m«tmng to frt die new situation. 
With a gathering experience, thoughts and values change, the 
innumerable details of life take on new interpretations, new fedmgs 
and emotions are aroused. Language changes m their wake m the 
dfort to express these dungs Thoughts, frehngs, actians, language, 
and social background generally, act and interact on each other, 
sometunes m step, but more generally out of step— a team of horses 
pulhng and tugging, but with a pull in the same general direction. 

Speech, in die sense in which we know it, is pnnapally for the 
commumcation of ideas, the arousli^ of frdmgs in others, or for die 
issue of direct or indirect instructions urging them to action. The 
existence of a language of sounds therefore diows up one of the most 
significant difierences between man and his lower relatives. It is a 
sort of word machine, to hand on eiqpeiience fi»m one to the other. 
I am no longer restricted to my own diort life for kaxmng what die 
wodd has to teach me direcdy. To some extent I can also hve die 
hves of all those odiers widi whom my common languageenables 
me to exchange dioughts and feeling, and to compare actions My 
opportunides for learning axe muldplied by die number of people 
with whom 1 can converse. 


But this is only the most dementary st^. Man has gone very 
much frrther. By the mvendon of die pnnt^ and written word, a 
symbol or sign for die sound, he can transmit a sound, as a mark, to 
a time and place it would not odiervrise reach; he has thereby 
established a method of brmgmg die cream of die eaqperience of 
previous generations, and of die creadons of outstanding men of 
genius of the past, to a focus, for all to study who have leisure to 
read. In our hbranes and museums, and m our spoken tradidons, we 


have pracdcally all diat has survived of die past histery of the race, 


available for our present enjoyment and edificadon. Language, wnt>> 


ten and ^oken, has created a snowball of learning and understanding 
that grows steadily from generation to generation. 


In this way it contains widun it the possibihty of ddiverance from 
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the confusion of &ct with &icy, that arises inevitably in the imagina- 
tion of the mdividual, who must perforce lead a life restricted in 
dme and place When we look ba^ on some of the isolated com- 
munities of earher days we see how dieur mterpretations of life were 
ddsi£ed by their limited expenence Devils mhabited stones, and gods 
dwelt on mountains; thunder was the wrath of angered spints, and 
streams possessed magical heahng power. Witch doctors wielded 
power in virtue of the ignorance of their fdlows, the direat of danger 
hrom the unknown had to be defected, and the spmts appeased 
Signs and gestures, magic words and phrases, the subtle uifluence of 
the stars, all played their part m the explanation of the unknown. 
An isolated commumty was httle more than a group of savages 
crowding nervously around a tiny spothght of understanding, dimly 
illuminatmg the small arde of the known and accessible umverse. 
Outside dus lay the fearful, the mystenous, the magic 
In such a situation language devdoped. Explanation descnbed die 
known m terms of the unknown, the actual m terms of the fanciful, 
and such a language have we inhented Traces of it still remain m 
many of our simple, common words Lunatic htcrally means moon- 
struck, an mdividual who has come under die influence of the moon. 
Here the abnormal behaviour of the mdividual is “explained” as doe 
to a mystenous heavenly agency We may long ago have given up 
this particular 6ucy, but how many more are there of this nature 
that we taady accept without question^ 

“We will beat it out of him,” says the teacher or the parent to the 
unruly child. “He has a devil m him.” 

In our quieter and “saner” moods of course we laugh sudi belicfl 
and such actions to scorn, but are we always sane m this respect? Are 
children never beaten? 

If a child has acquired a habit of whidi we disapprove, do we ask 
oursdves the saentific question: — 

n “What fcmd of an environment is required in order to modify the 
hfe of this child?” or do we say: — 

“He IS bad. He has to be beaten ” 

Is this not flrequendy but the anaent attempt to dnvc out a devil, 
sm, by physical flirce, a habit soacty has not yet given up' cither m 
public or m private? We may call it disapline, we may call it morals 
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or ethics, we may give it any grandiloquent name we care, but the 
&ct remains that It may be meidy the contmuation into modem 
times of an anaent barbarous custom that has its roots m the fear of 
devils that may possess us. What is die modem attitude of many 
people to the doctor but that of anaent tunes to the medicme man 
and to the witch doctor? How many people still beheve in the “evil 
eye,” and use the expression habitually m their language? Have we 
eliminated the word luck &om the language^ Indeed, we can meet 
people every day who beheve in charms Have you a lucky number? 
Do you object to bemg mamed on a Fnday? Do you throw spilt salt 
over your left shoulder, perhaps with a laugh, but neverdieless with 
a sneakmg feelmg that “there may be something m it”? How many 
people ace a&aid of the dark? jA^d of what? Unknown spirits? 
Ghosts? You are alone at mght and hear a mysterious tapping. It is 
uncanny What are these words “mysterious” and “uncanny”? Why 
are you nervous? I tell you there must be a pecfecdy plam and 
straightforward explanation m terms of natural and understood 
events Yet you are nervous How is it that your conduct docs not 
seem to fit m with your reason? 

We are a medley of fears and terrors lying just below the sur&ce 
Separate us fiom the aowd, separate us fimm society our parent, 
and we are at the mercy of every sound and shadow. We are thrown 
almost at once back mto the primitive stage 

Have you ever watched a calf or a lamb fiom birth, how it per- 
sists m behaving as if it were still unsepaiated firom its mo^er? 
Drastic action has to be taken to diange the habit. They are put m 
dtficrent fields, inaccessible to each other In the same way, when 
animals crowd together we call it the herd instinct. When a mass of 
people behave m a characteristic way we talk of mass psychology, 
as if It were something special and strange Surely the picture of 
cvolvmg man— evolvmg group men would be more accurate— sug- 
gests that we humans have first a social nund, and only nervously 
do we venture off on htde mental mrcursions of our own, straymg 
not too far from die common herd. That is what we mean when we 
say. “I mustn't think any more about dns, or I will lose my sanity.” 
It imphes a fear of diSermg too much fiom the rest of one's fiUow 
men. Sanity is surely sunply “soaahty,” to coin a new word. 
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We can see diis in yet anodier wxy. Try to picture all'the’lioitois ■ 
of the fast w, tile detailed stories of deadi and Uood and dau^, 
of dro^raing and stabbing, of burning wtb flame projectors, of the 
blowing up of fethets and sons with high explosive, of men rlmW 
to death with gas, waflowing &r days and nights in mud , of whde 
shiploads of seamen drowning en masXf of men simply vanishing 
fiom <^*s side blown to pieces by shells. Try to imagine that yon 
alone, in all the wodd, kn^ of tbs, and that you had to bear 
the knowledge of all this, for four and a half years— not knowmg 
all the time when it was going to wid, 

Could you have kept your sanity? Yet millions did. If four or five 
sons of a mother m succession had lost their lives by a sequence of 
acadents in peace tune, would it have been possible for the tnnthw 
to keep her samty? How was it possible, then, for women to 
up to such blows during that period and come out of it scarred and 
scared indeed, but still sane? Think of the fuss Job niad^ over his 
troubles. Was all this not pebble simply and soldy because it was 
happening, not alone to die single isolated individual, but to the 
poup, and as long as the group shared your experiences, so long was 
it possible to foel sane? When we talk of having < ait h m ourselves do 
we not mean that others also have foith in us? When we falk of hav- 
ing an individual expeiieuce, do we not also mean that others also 
have expenences hke this and that we are sbanng m something com- 
mon? When we talk of thinking and reasoning, do we not mean a 
mode of thought common to our foOow members of the group? 
Even the most eccentdc of us must find someone who will regard 
us as normal 

In our moments of qieculation we are all prone to a certain con- 
ceit. We tend to r^ntd oursdves as separate and distinct individuals 
electing to live together with our follow mm. Society then appears to 
be simply the mechanical combination of a huge nmnber of separate 
hetugs, each with his own individuality, with his own **iights,” his 
own personal "fixedoms,*’ but willing fin the sake of certain advan- 
tages that come to each of us finm society to accept certain lunita- 
tions on these xighfa mid fiieedoms. As mdividuals v^e tend to devate 
Ourselves above the group and imagine -v^e enter into a sort of oour. 
tract with others, and with the organization these individoab set up . 

\ 
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to regulate our relations one 'vnth the other. 

We are now b^mnmg to realize diat this is a false picture, a l&lse 
perspective. Society pre-existed us individually We are bom into it, 
we are a small growmg point of it We eat its food, imbibe its 
education, follow its customs and think its thoughts It was there 
before we were bom, and it will oudive us Even our generation is 
only a passmg aspect, a transient reflection of it Although it is trae 
that we arc bom with relatively ifew instmcts, whether we are bom 
with them or acquire them later, we have nevertheless locked up m 
us, hiddenjust below the surface, a mass of social affimties of the type 
that force us unconsaously to chng to the parent group. Withm each 
of us there co-exists two stmgglu^ characteristics — one tymg us to 
the herd, the other driving us flrom it 
Finally, do not let us confuse soaety with the State The State is 
a particular form of government or organization of a section of 
soaety that has come mto existence duimg a particular period of 
history There have been times when social groups have broken 
away &om State orgamzation, as in die case of the pdgnm Others 
There have been occasions when the State has been upset, and a 
different form of group organization has been estabhshed The 
CromweUian revolution was a case m pomt, and during die past 
twenty-five years Europe has become a museum of such speamens. 
State organization adapts itself slowly, or changes catastrophically 
when it is no longer able to cope widi the growmg and changmg 
needs of soaal life. That it is these growmg hungers, changmg and 
expandmg from generation to generation that are the dnvmg forces 
that take society from one level to another, is easily seen 
Compare the life of an ordinary workman today with that, say, 
of Kmg Alfred The latter m a position to command all that lus 
society could ofler m his day, yet had no gas, no electnc hght, no 
trams or buses, no newspapers, and no houses even approximatmg 
to modem workmen’s flats This does not unply diat a workman 
today IS likely to be any more satisfied dian one of the days of 
Alfred Satisfaction or dissatisfaction is the result of a conflict 
between what an mdividual receives, and what he feels are his needs 
What he feels are his needs, nghdy or wrongly, arc closely con- 
cerned nudi what he concaves soaety can produce or could ofler 
sisT — g 
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lum It js the potential capaaty of soaety^ to arouse vmts and its 
actual capaaty to cater for them that settles whether he will be 
content with his lot 

Soaety by its very nature keeps up a perpetual dnve m the direc- 
tion of arousmg new wants The repository of new knowledge and 
new modes of control over nature, accumulating from generation 
to generation, tunung these discovenes always to apphcation, soaety 
perpetually shows to its membets ever new modes of hving and 
experiencing, and therefore continually leads the desires of its mem- 
bers along unexplored avenues of hvmg. It is when the State, the 
temporary machmery of organization, is no longer able to satisfy 
these needs that insurgence arises, the State is overthrown, and new 
machmery replaces it Social h£e persists. States come and go. The 
imaginary film with which we commenced dus chapter is a picture 
of the continmty of social life. Examined m detail it will be seen to 
show a succession of type$ of State at each level of soaety, ranging 
from early tnbal forms, through theocraaes, anstocraaes, Medieval 
Papal States to Nationahst, Impenahst States and Soaahst Republics. 



CHAPTER THREE 


THINKING ABOUT SPEECH 

S OME WIT HAS remarked dmt speech was mvented to hide 
thought. The attraction in the statement rests on the £ict that it 
conveys a partial truth; but a truth not usually admitted It has this 
additional mterest, that it mvolves a contradiction It is itsdf an 
illustration of speech being used to eiqpress thought 
Speech is, of course, not an mvention, although artificial langu^es 
like Esperanto or Ido are It is no more an invention than the gestures 
we make with the hands, and the grimaces we make widi the face 
m order to express our thoughts and our feelings and to commum- 
cate tbem to odieis. It is a method of using the mnsdes of the throat 
and the larynx, rather than those of the arms and die face. That it 
has evolved in such detail that the hps, tongue and shape of the 
moudi also enter in elaborately is merdy evidence of die fiict that 
speech has been found to be an mvaluable instrument for expressii^ 
certam special needs of man. As these have grown, the instrument 
has been elaborated and developed side by side with them In dis> 
cussmg speech by itself, therefore, we must beware of the danger of 
separating it off as a process by itself, as if it had been ^edally 
designed to fulfil a finished purpose. The purposes to which speech 
can be put have been discovered by man widi the growdi m his 
power of speecL Its power has been made to extend as man’s pur- 
pose has it^ widened Each, whets the appetite of die other. 

The fiincnon of speech then can be set out sunply. It has to com- 
mumcate a tram of drought from one person to anodier. It has to 
arouse a sequence of feeling and emotion in the listener. It has to 
descnbe a situation, that is, it has to call up a series of mental images. 
It has to mstruct mdividuals m a coune of action. 

To make any one instrument fiilfil these diverse demands is no 
small matter, and the fiict that human beings find themselves capable 
of usmg language fiir these vaned and difficult purposes widiout 
consaous effort is itself evidence of die naturalness of die process for 
man As we speak we are not very consaous of the exact words we 
use. That some land of selective action is m bemg becomes dear 
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wliea we liesitate, wliea we find oniselves piddng and choosing our 
words in order, as we say, to convey the exact meaning weintet^ 
In general, however, as dhe words flow &om our lips they reflect oor 
thoughts and our fillings so dosdy that it is difficult to say wheflier 
we thinjg before we speak, or spade before we think. Most public 
speakers have had the experience, sometime, of suddenly watching 
or hearing themselves speak, as if their words had a momoitum or 
flow of their own, and their thoughts were being draped along in 
their train. Words have indeed a momentum of then own, as 
thou ghts have. Just as the proce^ of writing by hand is too slow 
for some people, whose thoughts come out tumbling one over the 
other, and writing becomes irksome, a drag on thought, so mdeed 
speech may on occasion be ill adapted to its puipose. Any one who 
has attempted to mqplain a compheated issue m a tongue with which 
he is not too fetniW will know exactly where the difficulty hes. 

*'Do you really mean what you say?” someone asks. 

“It’s very difficult to explam,” you reply. “It’s very difficult to 
find words to ^ress exacidy what I have in mind.” 

There m a nutsheU IS the crucial difficulty m language) the problem 

of fading the exact words to fit to objects, images and processes 
whether they be of a physical, emotional, or mental nature. 

It IS sometimes remarked by educationists tiiat any one who can- 
not explam his meaning does not himsdf understand what he has to 
say. T^ is a hard saying, ffir it implies that understandrug can come 
only with die translation of the thought into speech symbols. But 
it mvolves more than this. It implies that language is a perfect instrn* 
ment for thought expression, that its growffi constantly ke^ pace 
with the gathering expenence of the race, an assertion that it would 
be (hfficult to support. Have we not already seen that embedded in 
any language are innumerable feUaoes and assumptions of the p^ 
so hidden in its phraseology that we are feequendy satisfied with 
mcplanations that are indeed htdb more thm word-spmnmg. 

For tf»p1anarion is what lies at the root of all dunking. It lies at the 
hflctc of all saence, and as we shall see later it is also implicit in art 

Man is an wrplflining animal Ifhc IS not doing it to someone dsc he 

is doing it to himself It is eaqilanation in one form or another that 
mnni»rtit up man with the wholc of Hs environmoit the strug^c to 
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resolve puzzles and contradictioiis To suppose &r a moment that 
explanations must always be coudied in words is to xmagme that 
kfe IS simply one colossd speedbu True, if we are concerned to dear 
up (as we say] an idea, we firequendy use words and their power of 
galling up mental unages for this purpose. one way everyone who 
wntes a book does so. But equally you may have the how and tbe 
why of a certam event or a certam remark made dear by appreciating 
die feehngs of the mdividuab concerned To commumcate these 
explanatory feelings 1 may either gesticulate if I am angry or excdted, 
or I may sob if I am overcome, or 1 may laugh if I am hilarious. 
Even if I do explam m words, it may not be the thought, but die 
feehngs concerned that are the cruaal foctor in die explanation. 
This 1 may do, for example, either through the tone of my voice— 
for instance 1 may shout— or 1 may emphasize certain words 
Take, for example, the question — 

"Why did you do this?” and roar it at the top of your voice. 
Now repeat it softly and tenderly m an appealing whisper Then 
take the same set of words and, repeating it five times, emphasize 
each word m succession with a roar and then tenderly. These are 
only a few of the ways m which the same set of five words may be 
handled to convey a whole variety of feelings and emodons ai^ to 
duea the attention to vanous facets of the same issue. To suppose 
that the words alone tell the whole story irrespecdve of their emo- 
tional contexct is to disarm ourselves of one ^ the most powerful 
weapons mankmd has forged for puposes of explanation. 

You may find youndf saymg, for example, after a period of 
puzzlement — 

"I know why he did it I know exacdy how he felt 1 would have 
done It myself” Or.— 

"I see his reasons, I agree with him.” Or — 

"Now that explains it. You see what he is domg " 

Here then we see the possibihty held out of explanations that are 
deemed satisfactory (note the word, for it expresses a feehng) beuig 
amved at either by duect approach through the emotions, through 
the reason, or by action, forough the visual sense. These mattcn we 
must appreaate if we are not to be tied hand and foot by words, if 
we ace to become their master and not dieu servant. 
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We conclude then that in any attempt to convey' thought % 
'woids, in all piobability we cannot escape also atousing &el^ ^ 
eitlier stimulating to action or at any eatea&cdngjfbtoteaction. We 
could posdbly go fiitdier dian dns. If we attempt to use words to 
arouse one of these alone we inevitably arouse also tbe other two in 
varying d^ee. Sometimes of cotsrse the others are scarcely notioe* 
able. It is supposed to be die sign of a good soldier diat he will obey 
a command without qoesdon (that is, without thought), and 
unBindiingly (that is, without Ceding), and there is no doubt that 
the drill-sergeands method has very frequently been highly success- 
ful He is the past master in the saence of the condidoned reSex. 
After a &w weeb’ mihtary training '"Shun” invariably produces 
its desired reacdon on the recruit, unaccompanied to any perc^nble 
extent by eidier of the other two compQnents. 

And now we can pass to the next point Normal language itself 
is not likely to be adequate for the conveying of certain precise ideas. 
It is dus reason diat the diemist, the mathemadciaD, the ph^mdst^ 
the biologist^ the engineer, and the medical man, all find themsdves 
compelled to devise special terms to rqiiesent the peculiar processes 
with which they have to deal Scientific jargon arises fix>m the 
inadequacy of ordinary languid to provide precision in thought 
andacdon. 

It must not be assumed, however, diat it is only in the orthodox 
sciences that it is necessary to create a “jargon.” All forms of precise 
thinking tmd to sufib: fix)m the looseness of ordmaiy ^eeti. 
Modem philosophical waters, e.g., those who call themsdves logical 
podtivists, have come to reoignize the importance of dcvisii^ a 
sfp^Tate f orm oflanguage m terms ofwhidi philosophical issues can 
be tli ynsscd^ and properfy phrased, without ambiguity. This is all to 
the good, but even so it has to be remembered that in die very 
process of dsfining their terms and setemg up thdr new language, 
thdr explanations have to be couched in terms of the ordinary 
tangne ^ There is no escape from the natural language diat him^ 
beings have evolved in their mdal lifo^ but the logical positwBts 
have made a dist iu<^ conttibution in the 6ct that they have shown 
how foftt evolution be pushed one stage further by oonsdous ^ 
pkuniiig, as it were. 
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It IS worth while at dbis stage mentiomiig a further contnbudon 
made from diat school They Imve given great thought to the 
problem of how precisely to formulate a question, and what type 
of question is sensible In this respect they have drawn on the eicpen* 
ence of science. We can illustrate it with a simple case: when we 
ask the umveise real?” it can be contended that this is a fictitious 
question because there is no method of giving meaning to the 
opposite, namely, the unreahty of the umverse. The logical posi- 
tivists would TnflinfcHTi that much of the discussion that has centred 
m the past around the reahty of the univene, or otherwise, has dealt 
with a fidse issue. While one cannot but agree to dns argument, the 
imphcanon that it was unimportant to discuss the issue is itself &lse. 
When such matters have been raised in the past this has occurred 
because histoncally it was on such a matter that the struggle between 
certain schools of thought was focused the broad issues that 
separated these schools were of importance in the development of 
thougiht, and of the theory of human action, then it was essential 
even to discuss what appean now to be fundamentally a question 
of a metaphysical nature— viz , one that could not be deaded by 
physical means that did not thereby beg the question Even today 
die matter is of importance. In the realm of madiematical saence, 
m which tremendous stndes have been made m die mathematical 
explanation of many natural phenomena, there are outstanding 
saenusts who mamtam that the thought processes of the mathema- 
uaan suffice m themselves, without contact with any external 
reahty, to answer all saenufic questions that can be raised. To them, 
dierefore, the umveise is a pure thought, and in diis confusion it is 
a short step to assert diat this universe of thought musts only in the 
mmd of a supreme bemg who is himself a pure mathematician 
Because at this histoncal juncture such a type of confused thinlnng 
can be published, and accepted by large masses of people, who 
naturally talk m die common language and not m that of the logical 
positivists. It is essential to accept the issue of die physical reahty, or 
otherwise, of the umveise, as one that requires exaxmnation and 
answenng 

The language of saence is one of ideas and of practice. Feeling 
finds htde place m it A musical notation on the other hand is a 
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language for the issuing of instructions how to act towards a musical 
instrument, mdudmg the throat m smgmg, and for ihe arousmg of 
certain fedmgs It js only m a subsidiary sense a language of ideas 
Many people who cannot suig or perform on a musical mstniment 
enjoy reaiuig music Like poetry it is an “emotive" language to 
them. Saentific language is pnmanly “referential.” 

Once more we see how it follows firom all dus that any attempt 
we make to test whether a statement has “sunk home,” to test 
whether the words have conve^ the meanmg mtended, is mvan- 
ably by a study of the behaviour and actions of the person Wbidi- 
cver way we turn m this matter, therefore, we appear to be con- 
fronted with the difficulty that never do we seem to encounter “pure 
thought” by itself but always m some degree m association with 
these other elements That does not imply that we cannot follow 
the changes through which thought processes go, but rather that we 
will mak: a senous mistake if we assume they are a set of self- 
eiostent independent steps Thoughts are processes that take place in 
the brams of sentient active people They have to be seen m their 
human context 


What apphes to thought m the human context apphes equally as 
we have seen to the human being m (he soaal context 
What apphes to human bemgs m the social context, and to thought 
in the human context, apphes also to language m the human and 
social context If we ignore this we may find ourselves easily 
mvolved m argument with ourselves on foolish philosophical issues 
Take the sohpsist, for example, m his relation to language. He main- 
tains that smee all of which he is really aware are his sense data, he 
has no reason to assume the existence of any world outside that of 
his own min d His senses and his feelings are the only reahty An 
else mrlndmg you and me and the rest of the umverse, past and 
present, are simply creations of his own imagination. This worn 
not maitfir at all if he were content to behave as if this were so, hut 


almost mvanably he is a very argumentative fellow anxious to con- 
vmce others that he is nght It is, of course, difficult to see what it 
will avail him to convmce these others that they are, after all, only 
his sense data, but notice, please, that m attempting to argue his case 
he makes use of language and illustrations drawn from the common 
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speedi, words that liave a meaning only on the assumption that die 
words he is using refer to objects that eiost both for him and the 
rest of soaety. very phraseology demes die condusions he sedts 

to establish It is all a stupid confusion Man cannot jump out of his 
own skm He has grown up m a soaal environment where the 
existence of the objective world has been mvolved by the mere &ct 
of the stnicture and growth of the language he uses, and by the 
practice he and his ancestors have earned through, m building up 
that social life and evolvmg that language He ought not even to use 
such a simple word as is A sohpsist if he insists on remaimng logical, 
and he always appeals to logic as his test of truth, without mgmnng 
what IS the test of the truth of his logic, must develop a language of 
his own — one he cannot share with those others who imagine they 
exist It cannot be a soaal toi^e It cannot refer to objects as i£ 
they existed for us all, or as if they existed mdependendy at all It 
cannot appeal to the reason of his hearers since the hearers do not 
exist mdependendy of him and they can have no mdependent 
reason to appeal to He can only convmce himself, and that he need 
not do. He is aheady convmced He can argue only with himself, 
and he can adduce no evidence either rational or material There 
could be no meaxung to rationahty other than what he himself held 
was rational All this crazy philosophy arises not only from divorcing 
the mdividual m thought from the soaal background m which he 
plays a role, but, important for us, m divorong language &om its 
histoncal, soaal and material setting These all mvolve each other 
They could not be what they arc without each other Each has to 
be seen against the background of the other. 

We can see the danger of a similar sort of Edse isolation when we 
come to exanune the detailed structure of language espeaally m 
relation to the meamng it is mtended to convey. We must not 
imagme, for example, that each word carries its umque mterpreta- 
tion about with it— one word, one meamng, as it were A good 
dictionary will soon disillusion any one of tlat Take, for wfamp l>»^ 
the phrases “Well, really, you’re a beauty, to do a stupid thmg like 
that ’’ “I spent a beautiful cvemng last mght ’’ “The beauty of douig 
It this way is that,” etc "Tru^, beauty and goodness, the three 
absolutes ” “What a beautiful” sound, sight, smell, taste, sensation. 



THINKING 


476 

thought, proof, argument, tnck, etc , etc It becomes a'platitude to 
say that the mterpretation of a word depends on its context Every 
e^^ert pohtiaan knows that the way to cause discomhture in hu 
opponent is to drag his sentences about m this way. A new context 
suggests a neW mterpretation Nor is the context necessarily a verbal 
one Speech is uttered by human bemgs, and diEerent mdividuals 
making the same sounds most certainly stimulate m their hearers 
different mterpretations. When the Conservative leader of a modem 
State says: “We must all be Socialists now,” we do not confuse his 
meaning with that conveyed to us when the same words are uttered 
to us by the leader of the Communist Party. We wait qmedy for the 
qualifications, the rest of the context that makes the statement con- 
sistent with our view of him a Conservative leader. Ihere is, 
therefore, also a speaker’s and a hearer’s context The same speaker, 
if he were unknown to his hearers, making this same statement to a 
m fi tt ing of Conservatives would certainly convey a di&rent mfer- 
pretation from that conveyed sh ould his listeners be Co mmun ists. 
We commit a crime against dear thought if we drag words or 
sentences from any one of these settmgs 
Fmally, words have a social class context I am not referring to the 
feet that different strata of society arc prone to use their own 
peculiar slang s that, m a swisr, is an otension of language, although 
It brmgs out the feet that the spread of language is not uniform 
from rlass to riass Take, however, such words as: strike, hard-up, 
wages, salary, poverty, work, hohday, acadent, culture, art, htera- 
ture, science, machmery, sport . . All these words can with varying 
frequency be found m the laz^iuage of all classes Now just as the 
word football is difierendy interpreted and diflferendy charged emo- 
tionally accordmgly as the mdividual is a pamapant, an enthusiastic 
onlooker, or simply bored by it, so with such words as st^e, 

hard-up, wages, poverty. The background ofcxpenencefr^ which 

the meaning of these words is drawn, differs profoundly from one 
class to another. Think what the term: “A shilling macase means 
to you personally, and compare its importance to members o 
another dass, and the contrast becomes obvious The va^g 
emotional content of words common to all da»es is one o e 
most dehcate measuring rods for distmguishmg dass differences. 
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THOUGHTS— THINGS— SIGNS 

W E SAW IN the last chapter how necessary it is to remain 
aware of “context,” both m the thinker himself and m die 
language he uses to communicate his thoughts When these thoughts 
are concerned with the reahnes of the world we hve in, the language 
in which they are expressed, then, must bear a direct relation to such 
reahnes, else we may find ounelves talking about ficnons, ideas 
without objecnve reference. For reason changes to unreason when 
^ IS confused with ^tasy. 

Let us examine dus matter in detail I hear the word table uttered. 
It is a sound, a sign, a symbol A certam picture or image comes to 
my mmd. I recognize it as a something that falls widnn my experi- 
ence. There is an idea aroused with the sound, a certam thought 
process is evoked or stimulated m me by the use of the word So 
&r, then, there is the sign or symbol in the first place; secondly, 
there is the idea. How do 1 come to form the idea of a table? Clearly 
finsm my past experience of real tables. Personally, I always think of 
a kitdien table, but others may imagme something much more 
elaborate Without the experience of a real table to provide the con- 
tent for die imagination ^e idea could not be brought to a focus. 
There must be some real dung or some object or some process that 
is thought about. We do not form thoughts out of nothingness. 
We compose our thoughts out of reahnes. We are therefore led to 
recognize that m a situanon of the type considered there are the 
three essendal elements : — 

(1) Word or symbol. 

(2) Idea or thought. 

(3) Object or objecnve process. 

We have approached this trmity by supposmg that die uttering 
of the word has aroused the idea But the idea may have been 
aroused m some other way— it might be the sight of a table, the 
odour of cookmg, and so on. However it is aroused, these three 
elements are necessarily mvolved m die resulting situanon. That is 
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the bwe bones of it all. Instead of having an object, suppose we have 
a quality of an object Take the word red, for instance It describes 
a quality of a poppy, of blood, of a ruby, of a sunset' It immediately 
calls up a certam picture or image, an idea, or a feeling, or an idea 
accompamed by a feelmg This image has been evoked in the past 
from such objects as I have mentioned. In all cases there did eiost 
objective reahty, this somethmg from a quahty of which the 
idea IS drawn and to which the word is attached. Again there is the 
word, the idea, and the actual quahty of the actual obje c t . 

Now let us proceed a stage further. Take the word redness An 
idea certainly corresponds to it ... the idea “being red ” It is a noun, 
not an adjective Is there an object, a something that is “redness”? 
Clearly there is no such olyect, nor is it a process. There is simply 
the idea. Then how are we to complete our triad? What phpeal 
state of affairs, what stimulus, has aroused the idea? That is the ques- 
tion we are endeavounng to answer. Surely the same stimulus as 
aroused the idea m the adjective fcd—from red objects. It is simply 
a noun that says the same as brfore, a red quahty eiosts, or red 
quahties exist, an mvented word to r^resent a senes of reds — ^die 
red quahty of a series of objects. It is a fiction if it suggests a redness 
exists. Now, do not let us become confiised. We are not assorting 
that the idea of redness does not most It does, but it is the idea in 
our head and not a * redness” outside. We could therefore form our 
triad fi:om this, provided we have a word to stand for “the idea of 
redness, which is now the “object,** we are mnsidpnng Call this 
mental process, say, by the name X Then X is the symbol for an 
actual idea, viz , the tdea of redness As we discuss this we have 
thoughts about this idea Thus we can now make our triad as 
follows • — 

(1) Symbol X (2) Thought about “idea of redness ” (3) Idea 
of redness. 

The pomt simply is that we can have real thoughts about fictions. 
The confusion we must avoid hes m assigning that because our 
thoughts are real, so also is the “object** of our thoughts 
When a fiction of this nature is analysed it is always found to be 
composed of parts that ate drawn fi:om reahty. We can imagine 
angels, althou^ wc have never seen an g els W^e have, however. 
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seen real bodies and real wings. An angd, in tbe way in wbicb it is 
conventionally pictured or sculptured, and if the word is not taken 
to refer simply to the sculptured pie(», is therefore a fiction although 
Its separate parts are drawn fi;om real enough situations Fiction is 
the correct word for this, for all good fiction draws its strei^th 
firom real sources 

The tnadic analysis has exposed some of the dangers that lurk in 
the word Unless we had made this analysis we might have been 
tempted even further mto error It is an easy but fidse step from the 
word redness, for instance, and the idea assoaated with the word to 
refer to a prmaple of redness running throughout all red objects 
Thus, m referring to it as a prmaple we tend to erect it mto a special 
thmg by itself, thereby ^antmg to it a sort of md^endent status to 
which It is not entided 

Language is pitted with traps of this sort The danger consists m 
concedmg to the idea assoaated with an abstract noun, some mde- 
pendent objective existence and erectmg it mto a pnnaple This can 
be seen even more acutely if we take such an adjective as good, m 
the moral sense “So-and-so,” we say, “is a good man,” and any one 
of us may form for himself die triad word, idea and object, to 
which ^ood refers For each ofus the triad is complete Two dangers 
now fiice us You and I, m the first place, may not agree about the 
meaning of good. The difference m our meanmg would show itself 
in our actions, for we may not agree about applymg this adjective 
to the same object or mdividual We test it m practice We may 
value or judge the mdmdual^s behaviour differendy. How diat 
arises we shall have to examme later For the moment it suffices to 
reahze diat we may all attach different values to the same clement 
m a situation. Thus we see diat the triad, even when it is completed, 
15 not umque It is not the same for us all Nor does dus finuh the 
busmess 

In the second place we may fell mto the same fallacy as before, 
and usmg die abstract noun goodness mvent an mdependendy exist- 
entity, as if goodness existed “out there” as a prmaple in nature. 
Please note agam that this m no way demes what is a feet, viz , that 
each of us has an idea “goodness ” What it does do is to underlme 
its dependence on each of us mdmdually For the word good fiom 
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which the notion is derived has itsdif a dififer^t status either from 
the word table or the word red, both of which are universally 
accepted descriptions of something objective, while good is a much 
more personal descnption of somethmg objective. 

Let us now tom to a more purely saentific illustration The 
sdenohc conception of heat. As before, we begin with the adjective 
hot. Corresponding to this word there is an idea associated with the 
sfusatinn. This we denve from objects that convey this sensation to 
us when we touch them. The triad is complete . . . word, idea and 
object. Now consider heat Sci^mts find themselves talking of 
hpa t passing from one body to another. There is supposed to be a 
umt of heat called a calorie which is the amount of heat that will 
raise a cubic centimetre of water through one degree centigrade. 
This simply helps us to express one “quantity” of heat m terms of 
another, and does not get us any frrther m our search for a precise 
Aitig called heat What is this h^ that “flows” from one body to 
another? What is this thing whose quantity or amount we dunk we 
can measure? The special term heat, and the use of such metaphors 
as “the flow of heat” convey to us the impression that it is something 
of the nature of a hquid which flows continuously through the 
mterstices of the body, without mcreasmg its weight but mdrdy 
making it fed hotter. What is dm subde heat that weighs nothing, 
is mvisible and is odourless, but whose presence is detected by a 
smsfltinn that a body IS hot? Admittedly the notion that it Jlowi or 
IS conducted through a body, and that there is a certain “amoimt 
of heat present is a very use^ one to saence, but many fictions ^ 
useful to saence. A saentific fiction is usually an analogy that assists 
the imaginatin n so that the grouping of id^ may be more easily 
performed It is a scientific convemence provided it is not overdon^ 
otherwise it becomes a drag on thought For many purposes, dr 
instanrp a mirror adjacent to a hghted candle, may be replaced by i 
fictitious candle situated an equal distance bdund the position of me 
mirror; but not for all purpose Is heat such a fiction^^ 
textbooks wdl tell you that “heat is a mode of motion, ^^or ^ heat 
arispR from the agitation of the molecules of the substance, or 
is a form of energy,” all of which goes to show that m point o 
there is no such mdependent “thmg** as heat, but that it is simp y a 
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convenient fbnn of expression to say that a body is passing through 
a certain process, its molecules have reached a certam pitch of agita- 
tional motion, and that -when we put our hand on such a body the 
impact of the movmg molecules against the hand produces m us the 
sensation of hot. Heat, therefore, m&is to a process that is going on, 
a changing qmhty of the body, and does not have an independent 
existence, flowing here and there. That is a Action encouraged by 
the separate term heat Actually, of coune, it is a very valuable idea, 
but die fact diat it is valuable as an aid to the nnagina tinn does not 
grant it this mdependent status. 

We can state our point in this way Laiigu^ may be “referential” ; 
that IS to say, the words may be used as symbols to point out some 
actual object or some actual process that is going on among objects 
In usmg them in this way we may say that the words “refer” to the 
object or process Somettmes, however, they are referential m a 
secondary way. They do m £a.ct refer to an actual process, but dieu: 
form suggests that they refer to some super-entity standmg over and 
above that process Heat actually re&rs to the process of agitation of 
the elementary parts of the body, but it is used as if it referred to 
some subde fluid substance that made dungs hot Very much the 
same pomt is mvolved m the use of such terms as j'usnce and good- 
ness Where the diflerence hes is m the &ct that heat is referential in 


the objectively saentiAc sense, m die sense that all people can accept 
and recognize die real state of aflurs to which it refers, whereas 
justice is referential m the subjective or personal sense in that indi- 
viduals may difler profoundly concenung what may or may not be 
called “just” actions. 

Language is not however always referential only The ideal of 
saentific language is to be only referential If, however, I use the 
phrase: “Look at that dirty cad,” not only is the term “dirty cad” 
referential, but it mvolves a personal judgment, stated m a form that 
arouses one’s feehngs It is emotive. My purpose is, then, not only 
referential, A>r 1 am stnvmg to arouse adverse feelings, dislike, the 
very factor that saendsts stnve to exdude feom their investigations. 
In one sense the saenuAc ideal is deAmtely unattainable. Its language 
has to be understood. The reference has to be “taken” by human 
bcmgs It has not only to be percaved but valued among other 
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references, and therefore it has to he felt Even the most “abstract” 
saence has to carry conviction, and bemg convinced of a truth is 
not simply an mtellectual proc^, it is also emotional For its pur- 
pose, nevertheless, the saenti£c ideal m language is of fundamental 
importance 

Li carrymg through this tnadic analysis we have been carrying 
through a process of thmkmg, but by puttmg the signs or word 
symbols alongside each other m this triangular way we have been 
malnng a more defimte and precise picture of the rdation of the 
component parts one to die other, so that we may see what they 
signify. We have been mterpreting these signs to ourselves Think- 
ing mvolves using and mterpretmg signs. If I write or if I say It is 
raining ,” what I wnte or say is mterpreted by you m terms of certain 
dimatic processes This is qmte evident m die example here given. 
We become so used to finding the mterpretation to our words in 
the physical world m this way that we tend to accept all forms of 
expression as if this hmd of mterpretation were always possible 

In a sense the words develop momentum of their own, and we 
drag along m their tram foohng ourselves dbat we are mdeed think- 
ing We can check our phrases at any moment by demanding their 
mterpretation Now, there are very many fields of study where the 
objects of thought are not at first sight material objects or quahties 
of such objects or even ideas themselves. Words may themselves 
become the object of thought If written, they exist as actual black 
marks on a sheet of paper If spoken, they exist as sound waves 

In this way we may study the structure of sentences, i e., grammar; 
or the history of words, i e., philology, or the structure of languages, 

1 e , Imguistics Study mvolves mterpretation, and m all these cases 
'the mterpretation is m terms of the somethmg objectively existen^ 
and can therefore legitunately be placed on our triangle The field 
of mterpretation must exist objectively. 

We are now ready to raise a problem that may appear at first sigw 
to contradict much that we have already asserted. Take the wor 
table agam. Are we really referrmg to a defimte object? If so, whi 
table? No special table, of course I have already said that I almost 
invariably think of a kitchen table, but even then, as fir as I ^ 
aware, it is not any special one If so, am I entitled to say that e 
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reference is really to an enstmg object? There may not be a table m 
existence of the kmd I have m nund. Let us try 'with another word, 
a saentific term agam, an atom of hydrogen. The modem physicist 
or chemist -will give you a very concise picture of the structure of 
an atom of hydrogen sho'wmg its electneal composition, and the 
detailed arrangements of these electnc charges In any tnadic repre- 
sentation, which atom of hydrogen is bemg referred to? Any atom 
of hydrogen, you may say, it does not matter whidi. But are all 
atoms of hydrogen the same? If two atoms of hydrogen were placed 
side by side, would they be identical? E'videndy we could not expect 
this. To begm with, they occupy different positions m space and 
they have been josded about in diderent ways so that if theu: parts 
are m 'vibration or m motion m any 'way we might reasonably 
eiqiect to find differences. After aQ, it is only a few years ago that 
we were under the impression that all atoms of chlorme were the 
same, but we have learnt now that there are vanous kmds of chlorme 
atom We also know there are vanous kmds of hydrogen When 
we use the words hydrogen atom to what are we refemng? Do these 
words not refer to real objects at all? Of course they do There are 
real objects called tables, and hydrogen is a real gas 'with real atoms 
Then to what would the term hydrogen atom refer m our tnangular 
analysis? Let us see 

Any particular object has a whole mass of quahnes, its shape, its 
colour. Its speed, its flexibihty, its flmdity, or its ngidity, and so on 
If we are not interested m any other quahty but that object’s colour, 
and if -with a senes of other objects we are also mterested only m its 
colour and m each case for die purpose m hand, we find by tnal that 
we do not reqmre to go beyond the colour, we must say that, for 
the purpose m hand, the objects are identical if they all have colours 
that are mdistmguishable by test Ihat is the answer to the whole 
question When we say table we are talkmg about any particular one 
of a senes that for the purposes m hand are mdistmguishable The 
same dung apphes to hydrogen atom For the purpose in hand we 
need not distmguish between one atom and another All we need 
are the particular characteristics that enable us to group gases as 
"hydrogen” and "other gases ” 

In dus discussion wc liave, however, mtroduced a new factor Wc 
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have had to quahfy our statements -with the phrase “for the purpose 
m hand.” Assoaated with this purpose arose a particular “interest” 
and that mterest showed itself in selecting or isolating one quahty 
out of the complex situation that &ced us We sought to fulfil this 
purpose by applymg a process of selection Note particularly that 
m introducmg purpose and mterest m this way we have begun to 
connectup our triangular analysis with the setting m which it is used 
m practice, i e , witli the active process of thinkog. 

Two other points must be seiaed on In the first place we see that 
the group relationship symbol, idea, and object is not sunply a 
self^xmtained stage, a static step m the analysis, but is connected 
with a process of movement of ideas or thinking, and we have our- 
selves merely separated it out because we are interested in tt for a 
purpose, the purpose of recognmng a stage in thoughtr^tivity 

The second pomt is that, driven on by our mterest and thus select- 
ing one quahty out of a situation and linking up a whole senes of 
situations because they also contam this quahty, we have formed a 
class This is how the idea of classes is formed m practice Every 
tune we isolate a characteristic m an obj'ect we make that object a 
member of a dass— the class of objects that have a characteristic 
indistinguishable &om that isolated. 

Let us review m a few sentence the ground we have just covered 
m order that we may see its meaning for us We have seen the value 
of treattt^ the terms we use to an examination by means of fee 
tnangle— word, thought, and object or process, if we are to kcq» 
our mmds dear and our thoughts straight We have exammed fee 
aaiigos diat lark m ora pa* if too easily we accept wori 

We have turned to the object or process and we have seen now 
closely linked the particular object is with the class or classes to 
which It may belong. Ihe dass is selected by us by an examination 
of the object and by concentrating our attention on one of its charac- 
teristics. Objects that have this characteristic thus compose a dass 
It is a man-made groupmg, for it is related to the purpose involved 
in selecting just this characteristic for study. Any thmg is thus a 
particular thmg, and at the same tune m some respects is typical or 
a dass. 

We will illustrate this matter m detail. My purpose is to explain 
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what IS called the rdation between, the particular and the general. 
*‘For the purposes in hand” I am mterested m die piece of paper on 
which I am wntmg. 

It IS an object in itself, a parttmlar object just this piece of paper. 
It is white, It belongs to the class of white objects It is flat, it bdongs 
to the class of flat objects. Its edges are straight, it belongs to the 
class of straight-edged objects We may carry this on as long as I 
can isolate any speaal characteristic. For each of these dasses it is 
typical Tbs object is both a particular entity and can serve at the 
same tune as a sample, by means of wbch I can discrmunate whedier 
any other object belongs to one or more of the classes I have men- 
tioned It mutes particular and general in one. 

If it is the case that we form classes m this way by generahzmg 
fixim the particular, can die process be reversed? Can we use the 
general to particulaiiTe? That is precisely how we do particularize 
“What sort of a person do you mean?” I ask 
“He has red hair,” you say, “fi;eddes and a snub nose, radier 
undersized and knock-kn^d.” Her^ red haur places him in one dass, 
freckles m anodier, snub nose in another and imdersized and knock- 
kneed in two more In one sentence we have placed him m at least 
frve categones or classes There are others For instance, he is not 
bald. By multiplying the classes to wbch the object can be seen to 
bdong, we gradually particularize it, but such a fr>rm of particu- 
lanzation may never succeed m identifyic^ it We may sunply suc- 
ceed m finding a more and more restricted dass to wbch it belongs 
If at any stage, however, we are given all the memben of a dass, 
any one may be identified by an exhaustive enough mediod of cross- 
dassification of the type we have considered Where all the members 
of a dass are not given, but the classes are formed by carrymg the 
samples about from object to object, as it were, the mediod of classi- 
fication can never succeed m fibung the object umqudy once and for 
all Even if we were to try to do so by stating when and where it 
will be fiiund, that is, its pondon m time and space, we have m the 
last resort to specify that place m terms of other objects that have 
likewise to be specified. Desenption is always relative m this sense 
We condude from all this that the whole story about an object 
cannot be told m terms of its general properties It has abo to be 
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^amculanzed by pointing out the object concerning which these 
general properties hold. In the same way merely to point it out tells 
os litde. As soon as we want to know anything about it, as soon 
as we begin to study it m detail, we start sorting out the vanous 
dasses into which it falls. 

There is one way and one way only of convincing oneself that 
this IS a just and accurate statement Test it out m practice Take any 
object near at hand and proceed to describe it. You will firirl that 
^ your statements refer to the classes to which it belongs. And this 
kmevitable, because every common noun is itself the name of a das^ 
table, man, &uit, orange, orange-peel, orange-ped colour, shade of 
onoige-peel colour, etc , etc By no possible detailed descnption do 
we ever get down to the particolar orange we are talVing about 
The actual orange has finally to be produced — this orange — accom- 
pamed by a gesture This is not at all surprising. We have pointed 
out already that m our triangular analysis all three ftlffmftnta must be 
present, and the actual orange, if we are interested in it, must have 
its place on the triangle. It is the object referred to If we talk only 
m terms of classes we can, by making any combinations of them we 
care, mvent fictions, and we would never be called upon to produce 
the actual thing. Angds were a case in point. 

We began this chapter by stressing the need for becommg aware ' 
of contest. This is precisely what we have been doing here. We 
have been trymg to brmg out the context m which an object has 
to be seen, that is, the vanous classes that cross it, meetmg at the 
ol^ect, the society of other objects within which it occupies a place. 
Moreover, we have seen that it is only in relation to other processes 
and objects m the universe that its meaning for us can become dear. 

A pail may be descnbed as belonging to ^ sorts of dasses; but for 
one purpose, a social purpose, it is one of the dass of objects that 
ate used for carrying water Thus at one and the same time the 
object has to be seen m its social context among other objects and 
among human bemgs In this sense we have to regard it as inter- 
connected with everythmgdse, merely afiragmcntofalargersoaety, 
and It begins to have a meaning for us only when we take it as a 
sample, or as typical among these other things and compare it and 
use It for some purpose. 



CHAPTER FIVE 


METHOD IN THINKING 

I N OUR DISCUSSION SO fat we have been isolating those elements 
that are related to the problem of dear thinking m order to 
eicamme how &r diey throw any hght on the general process Tins 
method of separating out the dements in a situation and studying 
their mterconneiaon is the first and indeed die prindpal step m all 
thinkmg. Our treatment of the subject thus serves to illustrate the 
subject itself. 

A connected tram of dear thought can be seen to have a very 
simple structure It begins with the asking of a question, and it 
finishes with a partial answer. That answer is itsdf the startmg-pomt 
for die neict question to be aske4 and therefore begins the nest 
phase of the process Accordmgly, dunkmg has to be seen as a pro> 
cess that proceeds in stages, whem each leads to a higher level of 
understandmg than that of its predecessor To achieve danty m 
diought we have to become consaous of the presence of this process 
m our dunkmg; in so domg we acquire a surer grasp of what is 
required to gmde our thinking to its objective We become con> 
saous of the necessities of the situation 
Now the crux of the matter is, of course, die asking and the 
answeimg of the question. How is the imnal question to be asked 
and what plan is to be followed m seeking the answer? In stating 
our problem m this way we are oundves begmning with a question. 
Now, the pomt to bear constandy m mmd is the end m view, we 
are actually seeking an answer, and therefiire the question must be 
one capable of bemg answered It is no use, for example, askmg if 
life exists on yet undiscovered planets As there is no possible 
method of amvmg at an answer, the quesnon is meanmgless m die 
sense that there is no meanmgfiil process that can be followed to 
setde It It is not a sensible question Agam take a pomt very fire- 
quendy raised m philosophic discustion — 

“How can you prove that the world exists?” 

Here agam we see that proof, to be proo^ must not presuppose 
existence What kmd of a proof can it be, therefore, that does not 
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presuppose its own existence? Accordingly by replying widi die 
question, viz.: “What kind of a proof can be regard^ as satis- 
fectory?” We automatically expose the hollowness of the onginal 
question. It turns out not to be a sensible question at all, but a 
meaningless collection of words. 

Here, then, is the kernel of the matter. The question and the 
answer cannot be separated &om each other. Any fool can ask a 
question, but he only who knows the answer knows also how the 
question ought to have been phrased in order to pomt the way to 
the correct answer. 

Does this mean, then, that we are landed in an impasse? If we 
cannot ask the question before we know the answ^, how can we 
proceed? Not at all The history of science, for example, is the story 
of rather foolish questions, the story of the discovery of semi- 
foolish answers to them, the reconddeiation of the question m the 
light of this answer, and so on, step by step, to and fi:o, until finally 
die saendst finds exacdy what question he should have asked m the 
first instance in order that it might have been answered sensibly. 
Ihe answer and the cheddbg against practice enable the question 
to be restated, reanswered and roiedced. It is a process of trial and 
error, where cadi error is used to direct us more surely, and eadi 
tnal tests the improvement in our directzon. 

Here we have been considering one stage within a journey m 
tbininng, but notice that what we said about thejoumey itself apphcs 
apparendy also to the partial stage or phase The stage was itself not 
completed untd it had passed through a series of sub-stages, of suc- 
cessive questions and answers gradually bemg refined by tnal and 
error, until the dttnax is achieved. Does the answer, then, just fit 
the question, and the question just fit the answer? As we shall see, 
this is not the case. There is always at least one difficulty left ov% 
and it IS in the attempt to resolve these that we pass over to 

next stage of the thinking process. 

Tns fpad of d paling with this matter m general terms, let us try a 
case and study it. What shall I think.about? It is my intereste ttet 
focus my thoughts, I must therefore say what I am inter m* 

it be war. . . , 

mysdf » qnesBon My I «i mirf 


Wat? Very well, let 
I h^in by asking 
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I check this question against my avowed purpose, to dunk of war, 
and It seems that the answer required for this kuid of question may 
lead me on to talk mainly of my mterests and not of war. For the 
moment I am not interested m my mterests. Accordmgly I don't 
bother to pursue this question, but proceed to amend it Thus — 

Wliat ts tt in war ihat interests me^ 

Note the ih&rence. I am already on my guard not to mtecpret 
this as an mquiry simply mto my mterests, but rather mto war 
Now, as It was I who suggested the topic, it is therefore I who 
must now provide the information required, 1 am not asking what 
attracts or repels me in war, but what it is diat I am “worrying 
about ” One womes about a difficulty, and how to resolve it. Two 
&cts stare each other m the ffice and seem to oppose each other, 
and yet they are both facts So we worry about how to reconcile 
them As thinkers we cannot abide two apparendy contradictory 
&cts without attempting to understand dienL So what we mean by 
understanding appears to be £ndmg a way of lookmg at bodi facts 
so (hat they are seen as consistent or natural parts of a larger back- 
ground. Understanding is resolving an opposition. I have to state what 
I am puzzhng about It is very sunple 

Why is it that a war nowadays seems to involve practically the whole 
worlds 

Apparendy I am comparmg wars of yesterday with wars of today 
I must bring the opposition more sharply to a focus. Consider the 
diets A war of, say, three hundred years ago, was amply an affiar 
between two small contending armies, pitched batdes m a field, and 
the great mass of the population went its way without much dis- 
turbance, visitors passmg easily firom one wamng country to 
another. Nowadays the whole nation is mvolved, contendmg coun- 
tnes are isolated one firom the other, and it appears to have become 
almost impossible to localize a conffictso (hat other countnes do not 
get dragged m. These are my opposites and my query becomes 
How exactly has tins happened^ 

We have it now m focus. We have taken a long time to come to 
die pomt, but that is because most of us take these early stages 
quic^y. We can do so if we isolate the contradictory Actors and 
state diem side by side Nevertheless since we expect that this 
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discussion Will finish up with a final question that will lead on to 
the next stage of the tram of thought, we cannot be too careful m 
phrasmg our quenes -The more careful we are, the sooner will we 
readi our condusion. 

At this pomt of the discussion we have to beware of leadmg our- 
selves on a side issue by the lure of words 

Does the contradiction not arise, I question myself, because I 
insist on using the word war for what is m reahty somethmg quite 
different, viz , Armageddon^ Very well, I will, if necessary, phrase 
the question thus. — 

"Why have wars changed into Armageddon^" 

I have silenced the word-monger and I am grateful to him because 
1 have now a shorter and more sharply contrasted way of asking my 
question. 

Now what kmd of answer do I want? What type of answer will 
seem satisfactory to me I had better look at war and at Armageddon, 
as we are calling it, to see exactly where the differences he Suddenly 
another idea mtrudes — 

"It simply didn’t occur to the combatants to inake wars on such 
a large scde m earher times” — ^is a possible answer. This is unsatis- 
factory, however, because I would want to know why it never 
occurred to them In any case they hadn’t suffiaent men and they 
hadn’t suffiaent war material And while we are foUowmg that Ime, 
could they have fed more soldiem and moved them about over long 
distances? What about their transport fiuahties? What about their 
opportumties for findmg out where the enemy was, and, agam, 
what about their methods of fighting? I may not have been satisfied 
with this answer, but it is useful, for as soon as it is posed a .whole 
volley of counter-arguments and extra difficulties are automatically 
fired out to expose the folly of the answer Against the argumfflt 
we place a set of counter arguments m the form of facts and possible 
facts that we ought to examme 

I can now state with shghdy more defimteness the kmd of answer 
that will satisfy me, and if I can only do this carefully I will have 
got a stage further m the analysis , 

“The answer that will satisfy me,” I reply— ^d here I must e 
cautious because it has just struck me that there may not be one 
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Simple answer--“will be one that shows, for example, that mcrcased 
scale of wars and batdes htcamt possible and inevitable as a result of 
other changes, for instance, the invention of new war materials m a 
very wide sense.” 

Here, at any rate, we have somethmg positive to test Let us dieck 
die suggestion contamed m this, agamst the facts We begm to collect 
data, and to place them m contrast; war material, say, at die tune 
of the English Civil War, 1645, with correspondmg material at the 
tune of the 1914-18 world war. Thus* — 

Muskets with a rough range of a few hundred yards and inaccurate 
m aim, compared with modem nfles and their deadly accuracy at 
a range of a mile Cannon, firmg balls that bounced along the ground 
m the hope of doing damage by direct impact at a distance of less 
than half a mile, agamst the modem ”Eig Bertha” and long-range 
cannon, finng from a distance of fifty miles if necessary. 

Swords and lances, agamst pouon gas, fiame dirowers, trench 
mortars, aircraft, aenal bombs, high ei^losive and poison gas shells, 
tanks, madune guns. 

Messengers on foot and horseback:; against observation balloons, 
aenal reconnaissance, telephones, ^egraphs, and wireless. 

Lhe beleagueni^ of a town by a small army of men; as agamst 
the economic starvation of a country of the size of Germany by 
warships, submarmes and sea mmes. 

These are a few of the vital matenal differences that immediately 
suggest themselves as soon as the two types of war are contrasted 
Other features, such as tactics and strategy, also are different, and the 
question why they are different is at once explamed m terms of these 
same matenal factors For example, the Napoleomc Wars were con- 
ducted m massed formation by soldiers m distmctive coloured 
uniforms We have to compare this with soldiers m khaki or dull 
grey to render them as mdisonct as possible agamst the accurate fire 
of nfles, scattered formation to dimmish the effect of shell fire; and 
trench warfare to the same end. To each new techmeal development 
mattack, anewtcchmcaldevelopmentmdefence With themvention 
of poison gas came the defence of gas masks. With the mvennon of 
bombs and shell fire of the high explosive type came the counter 
defence of dug-outs and bomb-proof shelters To each deadly ques- 



THINKING 


492 

lion its answer. Again we contrast the conmussanat Li earlier days 
the slow transport of food, ammunition and equipment by horses 
and the lansacbg of towns for food, has to be compared wilh the 
carrying of these things by motor transport, by aeroplane and by 
sea in fast sbps, providmg tinned meat, botded fruits and jams, 
drugs, and hospital equipment. Thus a highly effiaent &ctory system 
and modem mechamcal methods m mdustry have now made it 
possible to produce shells, nfies, guns, bombs, and other forms of 
mumtions (mduding foodstuiB^) m enormous quantities 
Our answer seems now dear. It has followed from the &cts as 
soon as our questions and the preliminary answers suggested just 
what kind of ficts to look for. The difbrence m the scale of modem 
warfare compared with that of three hundred years ago appears to 
he m the change that has occurred m the industrial mpaaty of the 
countnes concerned and m the large degree of mechanization that is 
assoaated with it. This is putting it shortly. We have now at Jeast 
a partial answer to the query. — 

Why have wars changed mto Armageddon? 

Because of the new possibihties opened up by the madunc age for 
waging war, in virtue of the grand scale of modem mdustnal organi- 
zation; and remembering that war seems to be the only activity in 
which saence is used to its fullest eictent, we reahze that all these 
death-dealmg mventions are brought into use because neidier side 
dare risk losmg any advantage. It should now be possible, if we cared 
to do so, to constract a senes of pictures m ascending scales by taking 
the successive wars of history and rdatmg their magmtude and 
mtensity to the tedmical weapons of destraction and defence at each 
penod, and associating these agam with the stages of mdustnal 
devdopment. More than this, we should be able to see how tactics 
and strategy have been forced continually to readjust themselves as 
the technique of destraction has transformed the problem from one 
stage to the next. 

Have we finish ed the first stage of our venture^ 

Not qmte. There still remains a part of the question unanswered 
Why do wars become world-wide? 

The answer we have found so for, satisfrctory as it appears for one 
portion of our dilemma, leaves another part still open. We can still 
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envisage two nations carrying on a larg&^cale war alon^ without 
other nations interesting themselves in it Yet it is a commonplace 
of recent history that ^ere is a tendency &r other nations to be 
dragged in We are still left with a contradiction to be resolved, but 
we raise it now vndi a newer undostandmg of the crucial i&ctois m 
the situation and a new-born sense that we can deal with it Once 
more, therefore, we give a tentative answer, suggested by that just^ 
found. — 

“Other nations become involved because these other nations or 
groupsmthemaremtunatdyconcemedmthetechmcalandmdustrial 
organization inside the warimg countries ” 

We can now proceed to examine this tentative answer just as we 
did m the previous case. We collect data and check and amend the 
statement m the hght of these facts Out of our previous analysis 
there is left this partial contradiction, this unresolved puzzle It 
becomes now die startmg-pomt for the next stage, but it becomes a 
problem whose aspects are already dlummed by the conclusions of 
the previous stage. We enter it already with greater understanding 
dian we possessed when the ongmal problem was posed. 

For our purpose, therefore, it is unnecessary to pursue this pamc- 
ukr topic any further It has been chosen at random as an illustration 
only, and it re mains for us to draw our conclusions as regards the 
accuracy or otherwise of the process of thinking we outhned m die 
earher pages of diis chapter. We would be rash if we attempted to 
maintain that the argument devdoped above was, m all senses, 
logically unassailable and accurate to the last detail We have been 
dealing widi a broad subject, posmg a question at a certain general 
level of understanding and explanation, and we have dealt with it at 
that level Innumerable detailed questions can be raised m connexion 
widi eadi one of the separate items— for example, diose mentioned 
as modem techmeal developments— but the conclusions amved at 
provide for us a badtground, and a set of gmdmg hues, for further 
extension to the next phase, or for more detailed study of dns one. 

Let us review once more the salient features of the method we have 
followed m this chapter 

1. Our mterest focuses our attention on a problem. 

2. A problem appears to be a situation m which two ideas or two 
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or more fects, accurately verified, when interpreted stand m oppo- 
sition or m contradiction. 

3. The issue raised is stated as carefiiUy as possible in the form of a 
question. 

4 The question IS exammed to ascertam that, in the form m which 
it IS couched, it is sensible; i e., it is answerable. 

5. A counter question is posed, “What bind or class of answer is 
eiqiected?” 

6. This enables a tentative answer to be posed. 

7. The examination of this answer, alongside the available data, 
shows that it is defiaent m certam respects. 

8. This defiaency allows a new question to be posed 

9. This suggests the accumulation of new data and allows a new 
tentative answer to be suggested. 

And so It proceeds. 

At any stage we may stop to reconsider the steps taken earher, m 
ihehght of dielater development Finally, there emerges a viewpomli 
a reconolmg mterpretation, diat unifies the apparent contradictions. 

It IS worth while exanunmg this process m further detail so that 
we may become consaous of what is mvolved m some of the steps. 
We notice, m the first place, how necessary it was to recast the 
question as onginally posed, othawise we would, if we had remamcd 
true to Its form, set oflf on a search, for the fectors that aroused an 
mterest m war, rather than m the problem of war itself. Here, then, 
we were stnving to ac^ust the ph^es to the precise ideas, a process 
analogous to what we have alr«idy mdicated m the chapter dealing 
with words, ideas and objects It is, m feet, an extension of that pro- 
cess. Here we have three elements m the situation: There is, first the 
proposition or question, the actual words used There is, secondly, 
an actual situation, a changing process to which the words relate m 
detail. There is, durdly, the idea conveyed by the proposition or 
question about the situation. If we set it down in this way — 
PnoposmoN Meaning of Data 

PROPOSmON J 


or 


or 


Question or Question Situation 

we can trace the sequence of thought by watchmg the changes made 
in each of these fectors as we proceed We began with a question, 
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and compared its meanmg widi that mtended This forced us to alter 
It We compared this with the &cts as we know them, and this 
compelled us to alter the meaning we could give to the problem 
Accordmgly, we were then dnven to readjust the statement of the 
quesuon to correspond to this meaning, until finally we reached a 
stage at which the proposition suggested by the question and the 
meanmg “chcked” with the data, or at least with a considerable part 
of the data We have swung backwards and forwards between pro- 
position and data m this diagram We were then ready for the next 
stage We begm with a new proposition relevant to that portion of 
the question still uneiqilamed and based on die idea that had emerged 
fi:om die previous discussion, and so on 

1 have used dus word *‘chcked’* dehberately to descnbe a certain 
feeling aroused when we succeed m fitting die correct set of words to 
the meanmg we mtend to convey about the set of data In this sense 
we have to recognize that thinkmg is not a process divorced firom 
feelmg We dmch an argument with a feeling of sansfiicdon, and 
unless we are satisfied, it is obvious that the st^e of the discussion 
has not been completed. 

We shall see m a later section of this book how all this is related to 
what is called "the obvious** and to *'log^cal thinking,** but for the 
moment we should realize that we have been brmging to play some- 
thmg more than the mere checkmg or compariog of one thing with 
anodier, or ofan idea ofa dung widi the dung itself, or of two ideas 
We are continually makmg inferences or "seemg** imphcations We 
see that b is a necessity of A, or A imphes b, or A mvolves b, and in 
die seeing of it we are dnven through the obvious to the next stage. 
In domg this we are sensmg something, eiqienencmg somedimg, and 
applymg a power of recogmtion and discnmmation sunilar to what 
we are accustomed to do with our eyes, ears, tongue and fingers It 
is because we do not usually think of die bram m dus way as also a 
sense organ diat we have no spedal terms m which to express this 
process So we borrow metaphors like "seemg** and “feding** and 
"chckmg *’ 

There is yet another aspea of this question to whidi attention must 
be directed at this stage, although we shall deal with it also m greater 
detail m the next chapter In very general terms I have dcscnbed a 
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process of mental beha.viour, and exemplified it m a particular case 
Does this establish its geneiahty? How can I teU that other people 
can also think in this way? Actually, I do not put it forward as a 
necessarily accurate descnption of how everyone thinks, but it is a 
method that everyone can try out for himsdf. As we shall see, the 
significant ^ture of a general kw is not its unrestncted truth in some 
static everlasting sense, but the possibihty of its being used m a wide 
variety of new cases. 

It would seem desirable to conclude this chapter by givmg some 
short indication of the method adopted by saenufic men m their 
specialist thinking. 1 have restricted myself to their specialist thoughts 
because it can hudly be mamtamed that outside these spheres they 
necessarily carry forward the procedure with equal ngour. 

Here the same general plan can easily be seen. We may represent 
it diagrammatically as follows: — 

Saenufic Theory of .c Experimental 

Law ' Process ^ Data 

It IS unpossible to say where a saentist begins His data, for example, 
arc not only what he has himself fi>und, but the accumukted data of 
other experimenters m the same and alhed fields. A coUecdon of this 
data is brought together. The pnnaples that gmde him m the choice 
of what IS and what is not relevant are referred to m the next chapter. 


Ill b ringing them together he is already working on a tentative theory. 
This enables him to propound a tentative law Once this is carefully 
stated, his next objective is to test its truth by a carefully arranged 
experiment The results — ^the additional force him to reconsider 

the theory by means of which he had grouped his ckta together. Thm 
he finds a more specific and perhaps more carefully worded loWf and 
so on. If this is compared with what we have already set out for 
ordinary thinking we can see that there is no inherent difierence 

between the two processes. , 

There are two min or pomts, however, that might be noti • 
Almost inv ariab ly the saeutific man is concerned not with gen 
quahtative statements such as we were compelled to make w en 
discussing the subject of war, but with accurate stateme^m terms 
of measurable quantities. Vague talk is of no use to him The seco 
pomt is that it is rare for a theory as first outlined to rest only on 
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evidence of die immediate data alone There is usually a great deal of 
circumstantial evidence. The theory, for example, may be one rather 
like others that have been found successful m the past; or it may be a 
development of an already accepted one. The cogency of this can be 
seen if we realize that were a theory to be propounded that contra- 
dicted one already wdl established, the &ct5 on which the new one 
rested vrould m the first instance at any rate be regarded with grave 
suspicion They would be checked and re-checked 

Saentific thinking, scientific practux, and the precise formulation 
of laws have to be seen as three elements m a unified scheme of 
development. Saence is not a set of theones, originating m die &rtile 
brams of super men, not a code of physical laws handed down by a 
saentific Moses, churned out in s^lar space, nor is it simply a 
laboratory textbook for the conduct of certam^eriments. Saence, 
like thinlnng m general, is a part of human history, it is the story of 
man forgmg an instrument to discover what can be done with the 
world. The three categories we have set out— Law, Theory, Data— 
are simply three parts of that process of makmg history m which all 
human bangs partake. This is what is imphed when some writers 
use the very e^ressive phrase— the umty of theory and practice. 

Now the successive stages m die development of saence also bear 
a very dose reladon to the detailed steps m the thinking process that 
we have been discussing. Thmkmg, wesaw, proceeded m levels, die 
compledon of one stage enabling us to pass to the neict at a new level 
of understandmg Take £ot comparison the position m saence fifty 
years ago, in rehtion to our knowledge of die structure of matter. 
Every schoolboy knows the evidence rdatmg to the chemical com- 
bination of substances m eicact propordons by weight that is used to 
justify the atomic dieory of matter From diat theory a host of 
saentific laws arose, and whole collections of data, previously unre- 
lated, were seen to fiill togedier into a unified scheme The Russian 
saentistMendd£eC for example, produced hisPenodicLaw, showing 
that the dements could be arranged m a systematic order m rows of 
seven accordmg to their mcreasmg atomic waghts, and diat when 
this was done all known substances of this nature fell mto columns, 
natural groups or penods showing dosdy similar behaviour in many 
respects Mendded*s Periodic Table may be regarded as the saentific 
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stat^ent or proposition summanzing all die fundamental knowledge 
on die subject up to his time It was the end of a phase, the answer to 
a whole senes of experimental quenes, but it was not a complete 
answer On examination, it disclosed a number of gaps that should 
have been occupied by elements, so unknown, if die table were to 


be complete. 

Thus die neii phase began with the questions — 

“Can diese unknown elements be discovered? Do diey actually 
exist? Why have they not been detected m the past?” and the kinds 
of answers that were to be expected were immediately provided by 
the table itself The table could tell us very nearly what &eir weights 
should be, whether or not they would be metals, with what kmd of 
substances they would combine, i e., whether they would ‘easdy 
form chlorides or bromides or oxides and therefore whether it was 


likely they would be discovered m Nature m the pure state, or m die 
form of such compounds It could tell very exacdy how soluble these 
compounds would be m various hqmds It was able to give even a 
more direct indication of where to look for them For the properties 
of some of them, m these respects, were so like those of dieir neigh- 
bours vertically and honzontally m the table, diat it was just possible 
that the substances classi£ed as their neighbours were not really pure, 
but might contam some traces of the undiscovered elements because 


the expenmental methods of separation had not been fine enough 


Here, then, we see one phase or era of saentific advance dosing 


with an almost comprehensive answer, out of which there was 


urgendy thrown up a whole battery of questions, problems, contra- 
dictions to, or demals of, the completeness of the answer To these 
questions the kmd of answer, and where to seek it, -was indicated by 


what had already been achieved m the previous phase 
Saence was immechately lifted to a new level There followed the 
chscovery of radium, uramum, polomum, etc , a senes of new metals 
that were bound to possess properties of a pecuhar type because so 
far they had remamed undetected These are the so-called radio-active 
substances, and the new phase of modem sub-atomic physics had 
been set mto bemg QuicMy m succession came the hscovery of 
racho-active emanations, electncally charged partides of vanous 
types that were shot out from these new metals. X-rays, electrons, 
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protons, photons, neutrons The old atomic theory that had led to 
this outburst of feverish activity m die early part of this century 
could no longer mamtam, vathin its form, the mass of new informa- 
tion diat pomted mevitably to a £ne structure to the hitherto mdi- 
, visible atom; hence the quantum theory, the present answer to the 
umumerable quenes posed smce that day At the moment it recon- 
ciles the apparent contradictions between die data on wbch the 
older theory of whole atoms wasbased and dienewer knowledge that 
eitposed the &ct that the atom is not an mdivisible whole The theory 
is Itself mcomplete, but it is the presmt answer to the present phase. 

This has been no mere digression mto the history of a particular 
epoch in saence It is a sample of the large-scale movements that 
lave always taken place there The same dharactenstic outhnes can 
be seen at almost every stage m its history, and m any one brancL 
It IS exacdy analogous to the process of thought and action we have 
outhned m the case of mdividual thinking 
In conclusion it is worth while noticmg precisely m what way the 
passage to the higher level occurs hF we refer back to our three-fold 
categoncs proposition or law-— ideas or theories— data— we see that 
m all cases we tend to retam the ideas or theones and the proposition 
as long as possible, unal we are dnven to rehnquish them by the 
accumuktuig data that can no longer be fitted mto the proposmons 
that express these ideas The driving force comes firom the data, the 
material world about us, and die struggle is to fit our ideas and our 
language to the accumulating data Fmally, the contradictions 
between the ideas and the propositions on the one hand becomes too 
great for us to remain satisfied under die gadienng pressure of the 
data Thus the struggle between the verbal and mental form, as 
agamst the &cts or content it is stnvmg to accommodate, becomes 
too mtense The fiicts gam ascendancy and the verbal and mental 
forms melt and set mto a new mould 
Individuals differ considerably m respect to their sensitiveness to 
the cogency of facts, or what is now seen to be identical, m respect 
to the tenaaty with which they hold to the verbal and mental forms. 
They have vanous mcltmg-pomts, but nevertheless it is the recogm- 
tion of this process that offer us the possibihty of consaous method 
m dunkmg of adjustmg mental and verbal form to concrete reality. 

M ST— R 



CHAPTER SIX 


THINKING OF NATURAL LAW 

I N THE PRECEDING chapter we have fined to set out in simple 
terms some of the more elementary steps human bemgs take when 
they are thmkmg. My purpose m domg so was to make the takmg 
of these steps a consaous action on our part, so that they may become 
objective, open to examination, cntiasm and refin^ent It was 
intended to be not so much a descnption as a statement of what to 
do and how to use the method implied m it 
We must notice, however, that I have imphed, nghdy or wrongly 
that such detailed steps as I have outimed apply equally to you as to 
me If you were able to say. “Perhaps you think m that way It cer- 
tainly IS qmte meanmgless to me,” it would be reasonable to assume 
that I had not descnbed a g^eral method, but at best a personal 
idiosyncrasy Instead of explaining our thinking behaviour I would 
have been concerned with my thmkmg behaviour 
I want to underline these two characteristics to which I have 
referred, viz , the suggested generality of the statements, and the feet 
that the statements are really offered as prescriptions for action, for 
these are the two fundamental features of what are called laws m 
saence 

A law covers a wide range of cases, it holds for a class of case 
The law of gravitation, for example, states diat every particle m the 
umverse attracts every other particle widi a force depending m a 
definite way on their distances apart Thus the law apphes to the 
class called “particles of matter”, it does not apply to colours, or to 
ideas, or to thoughts. The law, properly stated, mdicates the class to 
which It refers It would apply to every particle of the table I am 
wntmg on, to the elements of the water that flows through the bath- 
room tap, to every particle of the sun, but not to my feelings or to 
mtervals of time. 

For the cIms of substances called gases there is Boyle’s Law, which 
asserts that the greater the pressure apphed to a mass of gas, the 
smaller the volume it will occupy, there are correspondmg laws for 
hqmds, and for sohds, there are laws for electrified partides, and for 
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dectnc currents, laws of magnetism, laws for the passage of heat, 
and for the reflection of hght Each law has a hmited but at the 
same time a general apphcation. It is limited to apply to a particular 
dass, hut It apphes generally to every member of that class. 

That at any rate is the mtention of saentific men when, after 
daborate investigation and experiment, they finally fiirmulate their 
law Now we have to realize that such a study is itsdf simultaneously 
twofold The saentist seeks the dass to which the law is to apply, 
and seeks the law to apply to the dass The process is exacdy analo- 
gous to that mvolved m the previous chapter where we sought a 
mutual adjustment between question and answer Take an illustra- 
tion Wetalksoghbly,nowadays,ofwicdess waves, andhghtwaves, 
and dectromagnetic waves, and the speed of these waves, that we 
rarely appreciate the long and elaborate senes of expenments that 
had to be earned out before it became dear that there was a some- 


thmg resemblmg a wave with a speed at all When you switdi on 
die dectnc hght is it not the most natural thing m the world to 
suppose that die illumination is everywhere in the hall instantane- 
ously^ If it IS dark at the other end, does the hght keep on gathermg 
there^ Why imagme that it travels or takes tune to travd? You 
switch the hght out, isn’t it dark everywhere instantaneously? One 
tends to think of the hght as bemg everywhere at once, but bemg 
greatest at the mcandescent filament, departmg and commg with 
Its bnlhancc 


When Romer dedded that light really took tune to travd, that 
there was a speed of hght, it was one of the greatest moments m the 
history of sacnce, for he was separating out a measurable quahty of 
the hght. Its speed, whose existence had previously not been dreamt 
of Many years after. Hertz, by setting up an electnc discharge 
in a condenser at one end of a room, and watchmg to see if another 
condenser placed at the opposite end also discharged itself^ like- 
wise showed expenmentally duit electnc waves passed outwards 
from die one condenser to the odier with a defimte speed These 
are the wireless waves with which we have become so famihar 


nowadays These people were all busy showmg diat dicrc was a 
quahty m common between a whole range of diflcrent lands of 
ci’ents, electnc discharges and oscillations, and hght, and even mag- 
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nedc disturbances, so that they could be dassihed together in respect 
to this quahty. Clerk Maxwell, applying a theory of the composition 
of such waves, showed that they ^ould all travel with the samf . 
speed, the speed of hght. When these speeds had been measured and 
found to be equal, we had a law apphcable to a class The law was 
to the efiect that all electromagnetic waves travel with the samp 
speed, VIZ , 186,000 miles per second. 

We see then that the first step was to seek the class to which a law 
could apply, and then to seek Ae exact law, if it existed. If it didn’t, 
the class would have been of no mterest to saentists They look for 
classes which behave m a unifiable and measurable way. The rhmgs 
studied have to fall mto a dass, and their behaviour m ano t h er class 
Now It is worth while noticmg that as a matter of fact Romer had 
already earned through this process to which I am directmg atten- 
tion When he asserted that hght had a defimte speed, and he 
measured its speed approximately, he was thereby already grouping 
together under one head all the modes of produemg hght To him 
It was immaterial whether it was a bunung taper in his hand, a 
flammg beacon on a distant hill, or the sun mnety milhon miles 
away. He classified them together as enutters of light, and this 
quahty that he thus used to d cfiti p his class could be, he asserted, the 
subject of a smgle statement true for all members of the dass. By 
concentrating on hght and the conditions under which one could 
detect It, he formed a saentific dass, and by estabhshmg a general 
statement about that dass he had fiirmulated his law. 

This he did because he had a purpose He was mterested m some- 
dung that was puzzhng him, a r^ contradiction, the apparendy 
erratic behaviour of Jupiter and its moons Accordmg to his calcu- 
lations and observations they seemed to be gettmg mto the wrong 
places If these places were correct then a whole senes of other calcu- 
lations would be wrong, and a whole senes of other observations 
would contradict each other Immediatdy he realized that hght took 
time to travd, and that by the time he saw the moons diey had 
already moved to a different place, the apparent contradictions were 
resolved The whole process hterally was seen m a new hght Notice 
again that what we have stated m the last diapter as the (haractenstic 
of thinkmg, the resolvmg of apparent contradictions, is agam fol- 
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lowed in detail here by Rdmei, and has been followed m £act at 
every step in saentific progress. 

\^en we exanune the law diat all electromagnetic waves travel 
with the same speed, we notice that it appears to have been achieved 
m a comparatively simple way The ongmal dass of occurrence 
with whidi Romer was concerned was hat showmg “visible hght.** 
In the later development a wider dass was defined embracmg this 
dass but covermg occurrences not previously assoaated with hght 
This wider defimnon could not of course be made until a much later 
stage m the history of saence, not before a whole senes of stuches 
had been expenmentally conducted on dectnc discharge and dectnc 
oscillation. The same law was shown however to apply m a wtier 
class That IS one method of generalization Sometimes it works m 
the opposite way A wider law is shown to apply to the same class, 
as, for example, when Einstem propounded die theory of relativity 
and produced a generahzed gravitational law 
How can a general law ever be securely established? When we 
have a set of &cts, or as diey are called data, and a general statement 
is made that purports to apply to every member, every item of the 
data, we can ve^ its trudi m each individual case. If we have a 
group of one hundred railwaymoi, and we make the general asser- 
tion that diey are all colour-bhnd, m every mdividual case we can 
apply tests to discover, for example, whether each member of the 
group fiuls to distinguish between red and green. 

The general statement is posnble because to test its truth we can 
turn to every member of the dass The dass can be cnhaustivdy 
tested If, on the other hand, I make the assertion as a general propo- 
sition, or as a general law, “All railwaymen are colour-bhnd,” I am 
&ced with somethmg qmte difiercmt If it asserts that all present rad- 
waymen in this and every country are colour-bhnd, I can dismiss 
die proposition as soon as I come across one who is not If I find 
diat all present ones are (which diey are not, of course), but read 
die proposition as implymg that all present railwaymen are colour- 
bhnd and all fiiture r^waymen will be so afihctecl, it is dear that I 
can never hope finally to establish die proposition on the same basis 
as It can be established for the restneted or enumerable group 
Now die curious point is that natural laws appear to be of this 
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kind. How can we ever show that the law of gravitation apphes to 
tveq particle m the universe? How can we ever be sure that Boyle’s 
Law apphes to evetj mass of gas^ That all electnc currents m the 
future will follow Ampere’s Law, and diat heat will always pass 
firom one conductor to another accordmg to the heat laws? 

It IS dear that all we have to go on are the facts But what are the 
&cts? Now the &cts are not simply a set of data which have been 
seen to M mto a dass and, havmg been exammed, satisfy the law 
as stated. That would m one sense he all the i&cts if we had tested 
every member of the dass, hut general laws m saence are not very 
usable or useful when they are of this restncted nature. The key 
word m this situation is useful 

In seekmg to establish a general law it is not sunply idle cunosity 
that prompts us. To suppose that saence has arisen simply as a 
result of pure mquisitiveness m man, is to misread its whole history, 
hidividual saentists are of coune mquisitive and mterested m the 
world, just like other people, but this does not m itself give saence 
a greater importance than stamp collecting. Saence has been 
devdoped, and has come to occupy the important place it does in 
soaety, because it has been found socially useful, and its use hes m 
the fact that when it has discovered a general law, or supposes it has 
discovered such a thmg, it tests out the truth of the law by finding 
a use for it. This it does by trymg to tell m advance what will happen 
in certam orcmnstances. It is used m the first instance for makmg 
predictions. The predictions are not confined to abstract geometry 
or to cdestial mechanics They enter mto every aspect of engineer- 
ing and mdustnal technology. Science is the modem substitute for 
prophecy If a general law m saaice cannot be used for prophecy, 
it IS not of much consequence 

When we state, for example, that common salt when treated with 
sulphuric aad gives off hydrochlonc aad, we state it on the basis of 
a large number of experiments direcdy and mdirecdy constructed 
to test the trath of Ae statement Conviction comes with even 
greater force however when dm statement is used to design an 
mdustnal plant to produce hydrochlonc aad on a large scale, or 
when some other experiment gives a result already antiapated on 
the basis of the supposed feet about hydrochlonc aad Both the 
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dieory and die practice of scienoe are knit op on all sides Vvidi an 
interlocking mass of esperrments, all dependn^ one on the odier 
and each contmually being tested by practical prediction. 

This, then, b the second dbaractenstic of a natural kvr to whfdi I 
made reference in the earlier part of dm dbi^ter. Ehst it is a kvr 
descnbing the behaviour of members of a dass. and second it is a 
prescription towards action. Its generahty is tested in its use. When 
therefore we say that Boyle' s Law appEes to all gases, what we mean 
b diat if for some purpose you have to use a gas and yon are con- 
cerned ynth its pressure and its volume;, yon had better try oct 
Boyle's Law. If you have to mfbmi pilots when they may find high, 
water or lew water at a particular port you tell them to look up the 
Nauncal AhnanacL Th^ is the practical form h. which the 
perhaps unwittu^y, apphes the law of gravitation. The practical 
&rm m which the scientist apphes it. is to compile the Nautical 
Almanack on the basis of the kw diat the attraction of the particles 
of the sun and moon are, along with the rotation of the earth, 
responsible for the tismg and ftllTny of die tides. 

The process of passing from a statement about particular cases, to 
the general statement that a whole dass of non-enumerable members 
follows (or can be examined by) the same law s usually called 
induction. 

Most books on logic present induction as a sort of illegrtunate 
attempt to pass &om a series of pardcnlar cases to a general propor- 
tion. As regards its appEcpuon to saence such, a statement isolates it 
&om one of its prime functions, die part it plays in the active pursuit 
of saence. 

Induction is deady inherent in the method of science, bat we 
must not jump to the condusion diat sdence is therc&re a sort of 
illogical proceeding. Its laws, as we have seen, are not merely gerteral 
all-erabracing statements or logical fermuJg, bur pieces of advice, 
and because diey ate pieces of advice they ofer us what we have 
continually demanded here, wrdmi their Emits a method of hebmg 
us to deade what to do wrh the wodd. 

Sdence tdls us how* the wodd has been handled succesdcEy in 
the past; it strives to crys tal ] , ire that informadon by sadr^ it in the 
form of coaase laws of behaviour; and in cEcet it says: “When yo z 
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also come up against a situation like this, base your actions on tbe 
cream of our experience. You will find it embodied m tbls law. Do 
not regard it as final, use it ratber as a method or as a plan, and if 
it does not work let us know, for our objea is to get a law that 
does work If you will use it in this way, you will use it scientifically. 
It is not simply a static, logical, proposition.” 

It IS usual to contrast induction with deduction. Here the process 
is reversed. A certam proposition is stated to be true for all members 
of a class Special mformaaon about a particular object shows it 
must be regarded as a member of that class. We declare that the 
general proposition applies to the member. Stated m this bald way 
deduction appears a rather useless procedure. If the ongmal dass is 
limited in extent, then we already know that the general statement 
can have a vahdity only in virtue of the fiict that it has been tned 
out m each particulai case. To deduce in these drcumstances that it 
is also trpe Ibr one of the members of the dass is then simply 
re-asserting somedimg we know. It becomes a mere game of words 
If ^e dass is unlimited m extent, dien deduction applied to a mem* 
ber not already among those tested becomes eqmvalent to what was 
done under mducuon, viz , using the general prinaple as a line on 
how to treat the new member. 

hi neither of these two senses does deduction appear to add any- 
dung to what we have already discussed. Yet in another way how- 
ever deduction plays a very important role in sdence and in logical 
dunking. 

To some extent we have already dealt with* it when we were 
discussing how dasses were formed Consider it in this way. 

When a law is stated about a dass it takes the fi>rm.— 

AH members of a certain chs defined by one characteristic have 
also another characteristic. For example: “All dectrom^ctic waves 
have the characteristic of movmg with the speed of h^t”; or stating 
it entirely m terms of classes:— 

“All members of die cJass dcctromagnetic waves are also meni- 
bers of the dass of processes d»t change with the speed of hght 

Put in this form we must remember that there must be mediods 
of identifying the two classes. These are in this case the cispenmeiital 
methods of saencs, but they nay also be the ordinary methods m 
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common use among non-specialists, when the subject is not a 
speofically sacntifiic one Again, when put m this form the question 
IS immediately raised whether die two classes are identical m cictent. 
We might ask, for example* — 

Are ^ere any dungs movmg widi the speed of hght diat are not 
electromagnetic waves^ This suggests a hne of mquiry and furdier 
study. If the answer is m the negative, then we can reverse the 
statement widi equal truth and say — 

“All dungs that move with the speed of hght are elcctromagnedc 
waves” 

The two classes we have referred to become identical. This is 
what can he called die necessary and sit^aent form of the law. Any 
object possessmg the one characteristic necessarily possesses die other. 
It is suffiaent to possess one m order to possess both The two classes 
are co-extensive 

If two classes he co-extetisive and if an object be identified as being a 
member of one class then that object is also a member of the other. This is, 
m reahty, a process of ident^cation and is known as deduction In 
this form it is a method that is practised m all branches of expen- 
mental saence It is also the basis of all mathematical mvestigations. 
For that reason mathematics is drequendy referred to as a deductive 
saence 

The form m wbch we have stated the pnnaple used m deduction 
is however not die most general in discussmg the denvation of 
classes from an mdividual object, by separating ojET for consideration 
only one quahty, we pomted out the twofold character of such an 
object First it was to be regarded as typical of a class or a senes, 
and secondly we could reverse die procedure and speafy die object, 
up to a pomt, by detailmg the classes to which it belonged 

This twofold mode of approach is nodung more dian the presenta- 
tion of mduction and deduction ^ain. 

Accordmgly we can state deduction m dus form: If two or more 
classes be only partially co-extensive, and if an object possesses each of the 
d^mng characteristics of each of the dassest it is a member of the class 
common to all. 

Let us illustrate widi a simple case in geometry. Wc start with a 
arde and we want to find its centre, the latter being defined as the 
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point which hes at an equal distance from aU the points of the cir- 
cumference. Rk a, b, c, any three points on the circle, and concen- 
trate our attention on the pomts a, b alone There is a class of points 
that are eqmdistant from A and b They all he on a straight hne at 
nght angles to the hne ab through the midpomt of ab But the 
centre bemg equidistant from all pomts on the arde must therefore 
be a member of that dass. In the same way the centre must be a 
member of the dass of pomts on the straight Ime lymg at nght angles 
to BC and through the midpomt of bc. Thus the centre is a member 
of both classes. These two classes are not co-eirtensive. They have 
in fret only one member in common, viz , where the two hues 
meet. This then is the centre. 

Or agam consider a case from the fidd of chemistry. We are given 
a certain dear hqmd m a tube. We have to detect what metalhc com- 
pound IS dissolved m it We add a htde hydrochlonc aad It remains 
dear. We condude that the substance present does not bdong to the 
dass that forms insoluble chlondes This eliminates silver and lead 
at least Through this we bubble the gas called sulphuretted hydro- 
gen, and a yellow deposit or preapitatc is formed We condude that 
the substance bdongs to the dass ^t has a yellow sulphide insoluble 
m an aadic hqmd This cuts out everything except cadmium and 
arsenic We frlter ofr this preapitate, add warm water and a htde 
sohd ammomum carbonate The preapitate disappears We con- 
dude that the original hqmd contamed arsenic. This is part of the 
r^;ular chemical method for analynng a substance to discover which 
metals are present, and the essence of it is simply that by a system 
of cross dassifrcation we are finally led to the condusion, from our 
knowledge of arsemc, that it is the only substance that frlls mto the 
various classes indicated. 

It may be said that a great deal of this is commonplace m all 
systematic work, and too obvious to be worth stating. For instance 
the statement of what we mean by deduction given above seems 
almost a truism. Why give it a speoal name? hi the first place it is 
worth givmg a special name, if mdeed, by so doing, we become 
consaous of the steps we take in any logical study If what we have 
stated IS an essentid step m any mvestigation, and the illustration 
with the drde is one of the simplest that could be given, then die 
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fact that wlien stated it appears obvious is itself evidence that we 
have reduced the treatment to a description of fundamentals. For 
consider for a moment what we can mean by the assertion ^It is 
obvious that,” etc 

Every argument when followed closely, if accepted, step by step, 
is dmched systematically by a feeling of consent, of admission, of 
acquiescence “Yes,” we say “yes, go on” and then “yes,” agam, 
until the final dimax when we find we have agreed to the whole 
argument It may happen nevertheless, that we have accepted die 
argument, step by step, and yet when the final statement summariz- 
ii^ the whole is made, the same sense of conviction is not by any 
means present Each elementary step has been reduced to the obvious 
but the whole puzzles us Ihere is a new quahty in the whole, absent 
m each detail. 

These are just the two stages or Icveb of thinkmg to which we 
have already made reference, showing themselves in yet another 
way Each step m the argument leadmg up to a conclusion has to be 
made so small that each m itself is reduced to the obvious But it is 
a step forward; it is a process of dbange m thought, not a set of 
static steps If we appear to reduce it to die truism that A is A, at 
die same moment it also becomes something eke Each stq> is tmy ' 
enough for us to mount, but diey are steps that we mount, steps up 
which we move If m this way we ascend to unaccustomed heights, 
we fear we are bemg led astray, that we have lost the control we 
felt we had over the whole situation, and we want to pause to 
become familiar with the new stxne. It is only m an atmosphere of 
femihanty that we can agree and be convmced 

So ako with the elementary step Wc accept it when we can see 
all round it, when we can imagme or visualize all the possibihnes, 
and when we reject them all except the one, the oudet to the next 
stage of the argument. The obvious is the recognition of elementary 
necessity, which is itsdf all we can mean by logical imphcation. 

When we look at the obvious firom this standpoint we begin to 
realize how much the cogency of our dunking depends in de^ on 
our expenence and on our imagination. An argument that will con- 
vince a child will not deceive a more mature person. How often have' 
we not had said to us when we were young: — 
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"Oh, yes, this is all very simple to you because you don’t appredate 
the difficulties." 

A young mind tends to ignore the complexities and intercon- 
nexions with the rest of die wodd. The nund becomes fixed on the 
objective, and other possibihties, either do not suggest themselves 
or seem of trivial importance compared with the crucial point 

"The pomt is . . we keep on repeating, endeavouring to direct 
the attention away &om what are to us side issues 

Throughout we are contmually limited by our restricted ei^eri- 
ence. What we alone have always seen to be the case we tend to 
take as necessities of nature. Take £or example sudi a simple asser- 
tion that “one and one are always two ” Is diis a law of nature? Is 
it anecessity of thoi^ht? Can we avoid always acting on die assump- 
tion that this is so^ And here let us dismiss what may become merely 
a verbal confusion We do not define the word two or the symbol 2 
as a shorthand expression for the phrase "one and one” or “1 and 1 ” 

If we begin by diinking of our triangle of reference again, we will 
see at once that the symbols one and two have to reffir to objects 
or processes. If we are to regard “one and one are two” as a natural 
law, let us then ask for what process is it natural and useful^ As we 
have seen this is not to be distinguished from die question "on what 
basis does it rest?” The statement then, refers to a process, one 
representing a combination. One entity is to be combined with 
another and eqmvalent one and die result of the combination is to 
be a group of these entities to which as a group, we have to apply 
the name two More than dm. The process is to be reversible. It 
must be possible to separate die group two into one and one of the 
original type. We shall see m a moment that we have already begun 
to tread dangerous ground. Suppose I take as my entities colours, 
blue and yeUqw. I combine the two colours. This I may do in 
various ways. I can place them alongside each odier as if they were 
objects, and dien the proposition is certainly correct. I can take them 
apart again, and I have die two colours. To do this, however, would 
not use the ffict that they were colours. I need not have classified 
them as blue and yellow if I was going to treat them merdy as 
olyects. How does one combine colours? There are various ways of 
doing this, with the result that I get “one colour added to one 
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colour gives one colour ” We state this ustially as “blue and yellow 
^ve green*' which is equally a law of addition If we take as our 
measure the number of colours, we can state liie appropriate law of 
addition m this case as one and one are one 

A dozen tnbutanes combme together to give one stream If I 
consider the tnbutanes only as objects, of course, I will get the 
ordmary law that, one plus one, etc , form the group of tnbutanes 
“twelve,** but if I am talkmg of the actual law of combination for 
the kmds of objects I have detailed we may state* one stream plus 
one stream, etc , etc , combme to form one stream Two separate 
ideas, logically combmed together as ideas to form a conclusion, 
another idea, is agam a process that behaves accordmg to the law 
“one and one are one *’ 

The world is full of processes that would seem tnvial if handled 
m the way m which one handles simple disaete objects I combme 
together two separate groups each of five objects The result is one 
group of ten objects but it is one group One group and one group 
combmed give one group They may then give any number up to 
ten groups m this case, if the process is reversed Only m a very 
restricted sense can we ever talk of a process bemg “exaedy reversi- 
ble *’ Before the reverse step is embarked upon the world is already 
different if only from the fiict that the direct step has already 
occuned Few actions can be undone Nature moreover is very par- 
ticular about the order m whidi the combmation may take place. 
In combmmg objects itis immatenal which I take first But the process 
m die eyes of the pohee is very di&rent if instead of bemg shot and 
then dying, I die and am then shot' 

We must not separate the law fiom die operation to which it is 
apphcable 

Laws of nature do not stand on then own as abstract pnnaplcs 
mdependendy of the actual physical events drat happen m the urn- 
verse They do not “gmde** processes It is from the processes that 
take place, that we have to discover the laws they exhibit Wc tend 
to think of natural law as a sort of mctcmal force that compels 
matcnal dungs, willy-mlly, to flow along m a particular way Tlus 
IS mdecd putting the cart before the horse The umverse m its per- 
petual state of flux IS a changmg medley and our laws have to 
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descnbe the world as it Is By our medhods of classification we can 
see the groups into which these processes fall, just as we can see the 
categones mto which objects fafl. They are real categories and real 
classifications, because the objects and the processes do have the 
characteristics we have recognized, that have enabled us to group 
them What we have to be aware of, is not too hastily to assume 
that, when we have succeeded m formulatmg a general law, it has 
a vahdity wider than the piocesses it can help us to understand. These 
we can be certain of, only by trymg them, by sear ching them out 
Not only have we to ask how wide is this law, but at the same time 
how narrow is it In seardung and trymg, we bnng our imaginative 
power to bear In domg so we are continually ex tending the scope 
of the obvious, makmg the falsely obvious mto the obviously fiJse 
All this has to be fitted mto the picture of man’s develop ment 
sketched m Chapter Two 

Where does logic stand m rdation to this ? Logic is presented to 
us as a statement of the rules for reasoning, the process we follow in 
making correct inferences. Offiaally logic is not concerned witli 
physically verifiable inferences This must not be confused with dear 
t hinkin g if by the letter we mean thinking m such a way as to arrive 
at condusions that are borne out m practice. For the latter involves 
mamtaimng contact perpetually with the real wo rld, and checking 
our condusions against it after each mental excursion Just as we 
have sought throughout these discussions to preserve agreement 
between idea and thmg, the very essence of saence, so m thinking 
we must seek perpetually to preserve agreement between process m 
thought'and process m things. The logical sense we have, the sense 
of imphcation and of inference has been historically produced m us 
m this way by the impact of the real world upon us It is the mental 
reflection of the behaviour of the universe, and m virtue of that it 
becomes an instrument of discovery to us As the univ erse runs 
through Its changes, so our e^enence widens and our logical sense 
becomes more acute Thus our logic cannot remam static, but must 
needs keep pace with the umverse Logic cannot therefore be lifted 
as a subject, once and for all, out of space and time and material 
things, as a permanent grammar of thought, he who imagmes he 
has written the grammar of any hvmg language once and for 
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all IS unaware of the nature of the changing, developing 
world 

There are some, however, who mamtam dus Extracting a set of 
formal rules, they argue that by studymg the “grammatical” struc- 
ture, rules can he drawn up that are essentials of all thought, freed 
from the actual matenal to which they may be apphed Thus. — 

All P IS Q, all Q IS s, and all R IS s; ^erefore all p is s Such state- 
ments are either tautologies, that is to say there are three superfluous 
names to the content of p, viz , Q, R and s, or else the truth of the 
proposition follows not from some absolute law of thought but 
from experience with groups of objects It has a vahdity correspond- 
mg to “one and one are two” and has to be tested out m practice, 
as we have already seen m that case. 

Can flnahty dien m the form of a perfected logic ever be attamed? 
Surely not If the mathematLaan of one generaaon can pomt to the 
weakness, m reahty the deflaency m imagmation and m ca^enence, 
m the proofr offered by the mathemanaan of the previous, how can 
he refram from comparing also his own conviction that he has at 
last established his propositions beyond question with that of his 
predecessor who also felt die truth of his assertions with equal 
strength Rather have we to see it as part of man’s voyage of dis- 
covery m which as we acquire more and more knowledge of the 
world, as we tamper with die world to acquire this knowledge, we 
also acquire more and more understandmg We mterpret its mcan- 
mg more deeply to oursdves Expenment, reasomng, and emotions, 
all play their part m the process, and we will make a senous error 
if we imagme that any one of these, at any stage of history suffices 
m Itself, for the task as if it had attamed complete perfection as an 
instrument of discovery If the obvious hes mdeed at the root of 
“proof” then it is the obvious for us human bemgs here and now; 
and human bemgs ace what they arc, radier befuddled members of 
the human race, gropmg their way forward to hght 



CEAFTES SEVEN 


1 


MAN, AS CREATOR OF NATURAL LAW 

W E USUALLY REGARD laws, m the legal sense, as codes, rules, 
regulations that govern or arcumscnbe our behaviour It is 
this idea that kws “govern behaviour” that one finds so frequently 
also associated m people’s minds vnth natural law One hears the 
phrase “The universe is governed by a set of laws” as if the laws 
came first, and these were apphed to previously static, unmovmg 
masses of matenal, and thereafter as a consequence of the apphcanon 
of these lavTS the masses began to change then position according to 
a defimte routme prescnbed for them and from which they could 
not deviate by a hair’s breadth. 

This IS a false view. Li the last chapter we have been looking at 
this question m relation to the purpose for which the laws have been 
formulated by man, and the background of matenal from wbch 
the kws have been drawn We have noted that laws are stated in 
general terms because they are, m that form, useful to man, and we 
have seen that the matenal from which the kws have been drawn 
consists of “changmg parts of the universe ” Smce we never encoun- 
ter anything that is unchanging, the whole notion of what might be 
called “unchange” is an imaginative one fivents appear to repeat, 
of course, like the nsmg and settmg of the sun and appear to be the 
same or unchanged when they do repeat, but to say they are the 
same when, of course, they are different at least m the respect that 
they take place at different times is to give a meanmg to same that 
is certainly not undifferent All I am trying to emphasiae is that change 
IS an inseparable quahty of the parts of the umverse. Despite this, in 
making or formulatmg our kvre, we talk about “the motion” of 
this or that as if we could separate the motion from the part The 
kw states the nature of the “behaving part” as an entirety. The kw 
IS formed m behaviour. If we separate the object from its behaviour 
frlsely, we find oursdives later trying to reconcile them again by 
inventmg a form of words such as. — 

“The body has the property that it does so and so ” 

We ought rather to say that “dus body m its behaviour can be 
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grouped with other bodies in their behaviour under the following 
general heading,” and here follows the general statement of the law. 

From this standpomt every element of the umverse exposes its> 
laws m its behaviour, it makes its laws as it persists, and there is no 
compulsion by some force outside the mtverse, whatever these words 
might conceivably mean If it vrere compelled to behave it would 
also be compelled to exist and persist otherwise it would vanish! 

I have stressed this point not only because it seems to be an accurate 
descnption of what actually occurs, but because if we approach the 
whole question of natural laws iG^m this angle, certam difiSculties 
that usually arise when we begm to mquire whether human bemgs 
also are “subject” to natural law immediately disappear Human 
bemgs, like other objects, make their laws as they persist, i e., as 
they behave You and I have, or m^e our own laws People say you 
are the kmd of person who does so and so m such and such arcum- 
stances They size you up, meaning thereby that they have classified 
you accordmg to your modes of behaviour They know some of 
your laws of behaviour 

In music or m harmony there are laws for the combmation of 
sounds There are laws for die combmation of colour, and m an 
earher chapter we set out to discover whether there are laws that 
descnbe or “govern” the process of thought They arc really tips to 
tcU us how to examme and analyse a part or a process of nature by 
mdicatmg a structure or pattern m die process 

I think we can assert that all such methods of analysis constitute 
the search for processes that have a structure or pattern, and a state- 
ment of that pattern m concise form. It is m this sense that psycho- 
logists and biologists talk of a “pattern of behaviour” among ammals 
and human bemgs Wherever wc have detected a pattern of 
behaviour we have discovered a process or a group that can be 
made the subject of laws 

Now all such processes or patterns arc not seen or found in sharply 
defined form If we assert diat all the colours of the rambow are 
present m a sunset, this docs not mean diat they are always present m 
constant proportions Wc have to allow for clouds, speaal atmo- 
spheric conditions, and so on If I state that when the pressure on a 
mass of gas IS doubled the volume will be halved, foat docs not 
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mean diat 1 find this law exactly fulfilled m all cases I find that 
sometimes it i« radier more, sometimes rather less than halved, hut 
m all cases I can also “put the blame” for the diflFerence between 
what IS found and what is expected, reasonahly on various small 
factors that mterfered with the course of the experiment Perhaps a 
htde of the gas escaped, perhaps the heat from my body made it 
ei^and a htde, perhaps the temperature of the laboratory did not 
remam unchanged throughout the course of the experiment All 
these peradventures, be it noted, arise from the mterconnexions of 
the experiment with the rest of the umverse, myself, the conditions 
m the laboratory, the dimadc conditions, and so on 
When we talk of an exMt law we are thinking of an idealized 
situation that is never fulfill ed m the real world, a situation m whidi 
the experiment is completely isolated from the rest of the changiiig 
world And because we think m terms of an exact law, these fiictors 
that we blame for the difierences, we call mors of the eiqpenment 
Li this sense it is impossible m the actual world of a&ars to conduct 
an experiment without errors Errors are real. They are evidence of, 
and give a measure of, the mtarconnectedness of die expenment 
with the actual world So m reahty when we want to i^e a law m 
practice we have to use it not as an idealized law, but with a margin 
to allow for this feature we have referred to 
Once we have grasped the idea that a natural law is not exact m 
the usually stated form, we are ready for a vnder conception and use 
of natural law If I state that 80 per cent of the population are not 
engaged m their normal occupations on Saturday afternoons I am 
statmg a law of behaviour of a social group, but if you were to take 
a census next Saturday afternoon I should not expect it to give 
exacdy 80 per cent It might be as low as 75 per cent, or it might 
be as high as 85 per cent I might then amend it by saymg that it is 
80 per cant on die average, or by saymg “Every Saturday between 
75 per cent and 85 per cent of the population are not engaged in 
their weekday occupations ” Tim latter form would be exact if it 
were found that all cases M withm those limits 
Such a law is called a statistical law It is a law of averages, but it 
can be stated m a form that makes its apphcation precise ^ bringing 
the element of imprecision mto the statement 
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It IS mainly a matter of custom that makes us state an ordinary 
physical law about a definite saentific process m exact terms, and 
blame the departures firom it on the “error,” while we state a statis- 
tical law as an average efiect They are m a sense both average effects; 
where the cruaal diilerence usually hes is m this With a physical 
experiment we can change, and, up to a pomt, control the expen- 
ment, choose the circumstances m such a way as to reduce die mter- 
connexions with the rest of the world to die barest minimum It is 
just with circumstances such as these diat physical saence is con- 
cerned With most statistical laws, on the other hand, especially 
where they are laws relating to masses of people, w’e must take life 
as we find it, we must take the experiment as the mass of people 
conduct It on themselves 

It IS because we do not usually control die behaviour of masses 
of people who are to make their lam by their behaviour, as other 
matenal dungs do, or because die mass of people do not control 
then behaviour as a mass, that we are prone to ignore die fact diat 
they also show a pattern to which laws apply. Yet there are many 
mdividuals m the commumty whose busmess it is to extract just 
these laws and to act or advise action on a knowledge of them. 
£very time a budget is made for any country, an estimate has to 
be compiled on the basis of a knowledge of how people who have 
to pay taxes will behave m that respax, what proportion will success- 
fully evade as the rate of taxation is made steeper. Railway com- 
pames adjust their fares and dieir tram service on forecasts or 
predictions or propheaes of how the travelhng pubhc will behave 
A great sports event takes place m a aty These compames have to 
forecast what the distnbuoon of traffic and turnstiles and railway 
officers must be m order to cope with the congestion and mcur the 
minimum of delay. Every telephone exchange has to know very 
precisely the laws of behaviour of its subscribers when they make 
their calls most firequendy on the average, and how long on the 
average the hues arc engaged if diej' arc to satisfy their pubhc 
Every stockist of a goods store, has to have a very accurate know- 
ledge of the buymg behaviour, the likes and dislikes of his customers 
m order diat he may not be left widi a volume of useless goods on 
Ins hands 
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The whole of our soaal life is interpenetrated with patterns of 
behaviour of groups of people that are legitimate subjects for expres- 
sion m the forms of laws Here, mdeed, we see very dearly how 
important it is to seize hold of the idea that it is the object or process 
that exposes or makes its laws m its behaviour Neverthdess, all we 
have said m the precedmg chapter about these laws bemg couched 
in the form of dassifications holds with equal strength here 

More than this Laws are formulated as prescnptions for action 
The illustrations given above show how simple laws of groups are 
used m busmess and soaal administration Now man rests his daim 
to a higher levd of hfe than the ammal on the &ct that he is not 
only consaous but self-consaous, and he uses the &ct to implement 
that claim Neverthdess, while he may be aware that other self- 
consaous bemgs make their laws m then actions, he is not usually 
consaous of the laws he himself forges He is m this sense not fully 
sdf-consaous. In the same way when collections of bemgs make 
their collective laws m their mass behaviour, others may become 
ahve to these laws and use them as we have illustrated Only when 
such groups become consaous of die laws they forge and of the 
laws they can forge, and thus ddiberatdy direct dieir activity, and 
use that activity m a collective purposiv? feshion, will it be reason- 
able to say that they will have attamed the higher levd possible for 
human bemgs m soaety It will represent the first great step m the 
advance of mankmd towards the control of his own future. 

Fmally, we can but pomt one stage further m this search for 
natural law If there are laws for the behaviour of objects and simple 
physical processes, for human bemgs as mdividuals, for sectional 
groups in soaety, are there not also laws for the behaviour of whole 
soaetics? If we trace the history of man, as we have done broadly 
in Chapter Two, throughout its successive stages from barbarism to 
dvihzation, could we also say that it shows a pattern of behaviour, 
a dcfimte law of diange on the basis of which predictions and fore- 
casts might be made of die kmd of hfe man wdl create for himself^ 

We are not yet ready for the answer to this question. 
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THINKING ABOUT DETERMINISM 
AND FREEWILL 

T ee fateful days of August, 1914, sawnuUions of die youth 
of every country march in regular formation to systematic and 
routme slaughter It was, m one sense, a dramatic if hideous cul- 
mination to an age of standardized production and of mechanized 
humanity A century of mdustnal saence and of saenofic mdustry 
had succeeded m producmg an environment m which the mterests, 
the desires, the thoughts, even the actions of large masses of the 
peoples of the west were being shaped for them by forms of social 
organization of which they diem^ves realized htde In spite of the 
few outstandmg cases of mdividuals who by their actions and their 
writings had shown that they had escaped &om the deadening and 
cramping efi^cts of their immediate environment, the great mass of 
the population remamed Eozen economically and mtellectually 
withm their class The son mhented his Other’s position m soaety; 
generally the mmer’s son remamed a mmer The mechamcal deter- 
minism of the nmeteenth century, widi the whole weight of 
physical saence apparendy on its side, found here a suitable mthat for 
the acceptance of a &talism that pictured the lot of man cast individ- 
ually and collectively m a definite and mescapable mould. To this 
philosophy of despair the events of the war of 1914-18 contributed 
m no small measure In the years that have elapsed smce that date, 
events have conspired to underlme such a philosophy m die mmds 
of many of the younger generation In a world of strife and turmoil, 
where human bemgs are regarded and have behaved as htde more 
than regunented marionettes, obeymg even to die death, the behests 
of a leader who himself mdulges m speeches whose content can be 
predicted with astomshmg accuracy, there is htde sign that human 
bangs themselves possess any of die characteristics to be assoaated 
With freedom m the mdividual will. Condemned to take his stand 
ui an unemployment queue untd whatever manhood he may have 
possessed has forsaken him, or pombly more fortunate, tramed to 
cfiiacncy m die arts and findmg the doors of useful co mm unal 
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service eflFectively barred to km; or even struggling for a few 
months desperately to revolutionize soaety m the imTnp.diflte hope 
of creatmg a new heaven on earth, youth may be mdeed excused 
for shppmg back mto an mescapable ktahsm Even those who have 
come to regard themselves as tbe fortunate possessors of a routine 
- job, where hour after hour, and day after day are spent in the 
repeated performance of the same deadenmg task, must needs justify 
their position m life by an appeal to fate. It is m this bovme mood 
that many of the younger generation, and not they alone, regard 
the activities of those who would still stnve to make of the world a 
place habitable for a self-respecting humamty. With such the hope 
of youth has early given -way to the cymasm of old age. 

Mankmd is a mass of contradictions The century that saw die 
age of the madune tnumphant, that by its very success appeared to 
place the final seal on mechamcal det erminis m saw also as a con- 
sequence the ascendancy of a new class of mdustnal entrepreneurs, 
that attnbuted its nse to mdividual foresight and force of will It 
vns this class that demanded as an inahenable right of man the free- 
dom to use Its will and supenor judgment to its own advantage, 
subject only to the dictates of the mdividual consaence If it was 
the age of mechamcal determinism it was also the age of freedom 
of the mdividual will, and because these two philosopkes co-existed 
side by side vntkn the same soaal framework, m spite of their 
obvious contradiction, they probably did m ftct each represent a 
partial truth. 

That there are aspects of nature subject to mechamcal law, the 
whole history of saence bears witness If the test of determinism 
rests m the capaaty a theory possesses to predict events then every 
saentific discovery, every engmeermg design, every mvention is 
evidence of its truth Saentific theones must be of a deterministic 
nature They have to expose order and logical connexion among 
saentific ftcts. They have to stand die test of showing that the order 
withm saence enables an order widim nature to be brought to hght 
If there were no order m nature there could be no order m saence 

It IS easy on this basis to shp mto a very fallaaous approach to 
such questions as prediction and determinism We easily shp to the 
conclusion that if we knew suffiaent about the distnbution of mat- 
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ter in the universe and about the mutual interactions of every 
particle the future could be laid bare before us To adopt this view- 
point IS to be guilty of something unnatural, unrealistic. Saentific 
theones and saentihc prediction are made by human bemgs with 
the material at their disposal, with the knowledge and the saentific 
mstruments that have been gathered and created up to that pomt 
It follows that one of the most realistic assumptions that has to be 
made in every saentific analysis is what might be called a prmaple 
of Ignorance Our powers and knowledge are restncted Events are 
occurring that at die moment are outside die scope of our study and 
any imagmary theory based on the assumption diat if W'e knew 
everything m space at any given tune we would know everythmg 
m tune within any given space, is a pure fontasy. It is outside physics 
It IS metaphysical 

This prmaple of ignorance which is as fundamental to our 
approach as any prmaple of knowledge imphes not only that events 
are happening beyond the range of our strongest telescopes but also 
beyond the range of our most effective miaoscopes The field of 
knowledge is restncted at both ends and saence as it develops 
extends this range as fiur as human mgenmty and human needs can 
carry It 

This has a very important bearing on the problem of deter- 
minism It imphes that m the field withm which science works it 
would be filse to expea that every event that occurs can be fitted 
without exception mto a complete well-rounded, highly-pohshed 
set of saentific laws If dus were the case, there could be no such 
dung as acadents A realistic saence must find a place for acadents 
even as it formulates its general laws. This does not mean that the 
existence of acadent imphes m some sense the presence of the mys- 
tenous It may be that an mdividoal occurrence caimot at any given 
moment be linked up with what we have regarded as die ordinary 
sequence of events, but nevertheless the £ux of such an acadent itself 
•becomes an expeaed and to that degree a rational dung— once wrc 
dearly appreciate the meaning of our prindpleof ignorance Intru- 
sions firom outside die restncted field of knowledge are themselves 
natural events 

To leave it in this position, however, would dearly be unsaos- 
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factory and saentists liave therefore devised methods of handling 
sudi pecuhanties. Let us illustrate widi two cases Whatever be the 
detailed history of the ongin of the earth occurring as it did at a 
time outside the range of pr^e knowledge, whatever be the 
theones that have been produced to link this event with known 
laws of devdopment, as i&r as we are concerned we must accept it 
m some degree as an acadent Now the detailed mode m which 
this occurred will clearly have a determining edfect on many of the 
subsequent changes that take place on the earth itself. For example, 
if the earth was thrown o£f &om the sun its composition will be that 
peculiar to the region from which it was ejected So will its mibal 
temperature. There are many Actors m such a situation that must be 
classified together as representing the situation at the actual aca- 
dental origm. Given these acadental pecuhanties, however, the 
changes on and vinthm the earth occur systematically, and according 
to known saentific laws. Out of the imtial disorder emerges order, 
out of accident, regulanty. The subsequent history of regular changes 
on the earth are contingent on the imtial acadent 
The second Ime of approach is to recognize certam forms of regu- 
lanty m groups of acadents. If we take a target, for example, the 
mark of each shot sho'ws a deviation from the bull’s eye which m 
ordinary speech we explam as bemg due to “errors” m sighting and 
m setting Whatever they are “due” to, they constitute the uncon- 
trollable acadents. They represent mtrusions from outside the con- 
trolled field of the mar^man. And yet, the distnbution of shots on 
a target, provided there are suffiaent of them, shows a very charac- 
teristic appearance. They follow a certain law— a law of acadents 
We shall later return to this question m greater detail 
Saentific laws nevertheless are not simply descnptions of natural 
processes, diey arc themselves instruments for action Histoncally 
man’s object m pursuing saence is to seek control over nature, to 
make of the world what he wishes, provided it can be so made 
Thus that part of nature that is man itself embodies one of the forces 
that shape the course of events, and saence is the instrument that 
serves him to that end Is he mdeed free in this process, or is he 
himself a mere mechanical agents die victim of more fundamental 
laws dhat govern and control him as ngidly as the movements of the 
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piston are guided by the cylinder and die explosion^ Does he not 
plan as if he were free? It is impo^ble in the space of one chapter 
to deal with more dian one shght aspect of dus question 

In the last chapter rel^ence was made to the difficulty some people 
ffielm behevmg m the possibihty of laws of nature diat “govern * 
the actions of human beu^ The difficulty is both of an emotional 
and of an mtellectual nature, and anses from a contradiction between 
a ffiehng and a set of ideas We all ffiel individually that withm 
limits we can do what we wish, while we know, and we feel, chat 
we cannot jump offithe earth, we ffiel and we know that we can 
walk out of the house m which we are Or we can stay where we 
are, just as we wish Withm hmtts we feel we are free agents On the 
other hand, if the umvene— and by the umverse we mean every 
element of die umverse, mduding our actions— were to follow cer- 
tam laws of nature mexorably, how could this be reconcded widi 
the freedom m choice of action that we feel we possess^ We find 
ourselves mvolved m a contradiction, a tug m opposite directions, 
our subjective feelmgs puUmg one way and our mteUigence appar- 
endy the other 

From this confhct people tend to range themselves on two sides, 
each of which agam mvolves a contradiction • 

On the one side are those who deny freedom after liberating diem- 
selves fi:om preconcemed prejudices by mtellectual analysis, on the 
other, those who are compelled by their feelings to assert that they 
are free 

Let us endeavour to dunk out this problem, to resolve the con- 
tradictions we have here exposed. We must fine sharpen the con- 
tradiction and dien proceed to find a badeground against which 
both standpomes may be seen and reconciled As they stand dicy 
seem irreconcilable. We shall have to recast our problem m the hght 
of facts 

Ccrum data we can accept at once. Wc all have die feeling diat 
we are firee to choose Itisafeehng Can we setdeexaedy what ideas 
and prccisdy what kmd of actions correspond to dus feeling? Now, 
die fint pomt that mtcrcsts us and on which wc require informadon 
IS the qualification that is made mthm limits What arc the hmits? 

We cannot jump offi the earth Wc cannot lift a weight of more 
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thaa a certain amount, no matter how much we may try There are 
physical hunts Sometimes we fed &lsdy about sudi a matter. I ask 
you whether you can run a mile You fed you can; you try; you 
£ul, you fed you cannot. You have changed your feeling m the 
practice. Youhave discoveredaphysicalhmitation, and an unfounded 
feeling. 

But, you argue, you still fed free to do all the other things you 
can do. That also we can accept, but the ^t that we sometimes fed 
fi:ee to do thmgs we cannot really do is rather senous. We can have 
fedmgs apparently about imaginary possibihties. After all, we follow 
only one course of behaviour at a time If we can do only one thing 
and at the same time m the domg of it we fed ^ee to do that and 
other things, we begm to have some doubts about trusting to our 
fedmgs alone m such matters Or we may put it even stronger 
Let us suppose we were placed in sudi an awkward situa- 
tion that there was dearly ody one thing we could possibly do, 
would we say we were comp^ed to do it, or would we say we 
were free to do it? If we were bound hand and foot, and wanted to 
go for a walk, it would be an abuse of language to say we were free, 
but our bonds would not permit We certainly would not be free to 
do what we want. There is, however, such a thmg as resigning our- 
sdves, recogmamg that we are hopdessly bound hand and foot If 
the result of this recogmtion changes our desire, and we no longer 
want to go for a walk, but want to remam bound hand and foot, 
are we not at once free? 

The illustration may appear frr-fetched, but it contains the kernel 
of a truth we seem to be approaching Perhaps we can state more 
concisely the pomt we have reached, stating it m the form of a ques- 
tion, so that the original contradictions stand out more sharply* 
Are we free to do wlwt we must vmt, or are we free to want what 
we must do? Which arc free, our wants or our actions? 

Let us get rid of this awkward undefined word “free” m this con- 
nexion and think instead m terms of restramts When we do so we 
are finally fiiced with two problems of a more specific nature that 
arise from our last query. 

How do wants and actions condition each other? 

How far does the world outside the mdividual setde or condition 
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both his wants and actions^ If tbey are both ''bound band and foot*’ 
as it were, the matter is settled Thus the problem is clearly assoa- 
ated with the whole discussion of natural law, and, in particular, 
natural law for human beings We have, however, a certam small 
crop of sweepings for our bag. 

Fust, if diere is a meaning to fi:eedom in practice it is freedom 
only mthm Inmts We are defimtely restncted by material arcom- 
stances But we seem also to be restncted by our feelmgs. There are 
some things we can’t do because we say we couldn’t bear to do 
diem Thus our feelings are also suggested as controlling influences 
on our actions. 

Secondly one of the results of recognizmg our limitations is a 
change in our feelings, our desnes He then feels free whose desures 
comade with what he can do Desires m this way become the spur 
towards action, seeking out the dungs that can be done 

We are led, therefore, to distmgmsh between an unfounded sense 
of freedom and one well-fbunded m objective fret 

Freedom, it has been asserted m dus connexion, is the recogmbon 
of necessity This compact statement requires amplification A well- 
founded sense of freedom arises m a situation where, the limitations 
havmg been recognized, we are able to brmg the desires we have m 
that situation to final fimbon hi explormg the avenues we search 
for freedom 

If we lemmd ourselves of what we have said of natural law, how- 
ever, a great deal of this argument is seen to be boxmg with a 
shadow We warned ourselves exphady against thinhmg of such 
matters m terms of some outer necessity, a set of eternal and external 
laws governing every element of the umverse On the contrary we 
saw that law m nature imphes the dassificabon of behavmg matter 
and other natural processes The frirm m which it is stated is forced 
on us by the fret that only m that form can it be used widiout 
physical contradicbon. We can now appreciate how this view 
removes a number of the obscunbes m the previous discussion We 
tahe a group of shoppers, for example. They arc out to exercise 
thdr “freew^” m die choice of arbdes There are physical hnuta- 
tions to their choices, they are limited m their finanaal resources, 
and dus restricts diem to a certam class of goods They cannot travel 
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more than a limited distance from their startmg-point m the time 
at their disposal This restncts them to a certam group of shops, and 
so on. Let us suppose these have all been detailed. We now have a 
selected group' of people m specific circumstances about to exercise 
their freewill 

We propose to be saentific m our study, so after elaborate 
examination of what they purchase and so on, we presendy formu- 
late a statistical law that tells us howpeople who exercise their free- 
will m these circumstances behave. We have begun the saentific 
study of freewill behaviour tAs we have already seen, shopkeepers, 
railway statisticians, and others of that type already know a great 
deal about just this sort of freewill, and have the laws that “govern” 
their actions very well established; so much so, that they are pre- 
pared to expend vast sums of money on the makmg of a profit 
from a knowledge of these laws. In this way is it possible to predict 
how large numbers of people will act when exerasmg their freewill. 

“This IS all very well,” it may be argued, “but all you have shown 
IS that the actions of large groups of people can be predicted This 
does not afiect the fiict that as mdividuals they are still free to choose 
and act difierendy. They don’t all do exacdy the same ” This cnti- 
asm is equivalent to the statement that when you test an ordinary 
physical law m a particular case it is, m fact, found that there are 
deviations firom the law m that case There we called them “errors,” 
and as we saw they arose fiom the mterconnexions of the eiqieti- 
ment with die rest of the environment. In the case of human bemgs 
we do not call them errors, although we do firequendy refer to them 
as aherrattons from the normal We may even call them personal 
idiosyncrasies, and these also may be exanuned m precisely the same 
way so that finally we say: “When he exercises Im freewill he docs 
so and so.” It is just because we can get this consistency m his 
behaviour that we call him sane. 

The position, then, to which we have apparendy arrived is that, 
broadly speakmg, the feelmg of fireewiU m the mdividual is irrele- 
vant, if we are concerned to predict behaviour. This does not mean, 
however, that we may not examine such laws m greater detad in 
order to discover exacdy what it is that shapes them. When we 
accept Boyle’s Law, rdatmg pressure to volume of a gas, we may 
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also be interested to discover bow it is diat dbe vast multitude of 
molecules m tbe gas, flying bitber and tbitber, mvolve m the mass 
just this particular law. Now it happens diat we know a great deal 
more about mdividual human bemgs dian we know about mdi- 
vidual molecules, and therefore m a sense we are m a better position 
to examine the elements that make up the law than m the case of 
agas 

What are the characteristics of a human bemg diat dii&rentiate 
him from a molecule of a gas or flrom a stone? 

First, he is a consaous bemg, a thmkmg, sentient thmg 
Secondly, and here we are speakingm terms ofsubjective reactions, 
he is purposive. He plans and follows an objective It may not be 
desirable for certam saenofic mvesQgations to mtroduce the concept 
of purpose when it can be dealt with m terms of objective behaviour, 
but to Ignore purpose for all studies would be i^llacious 
The third pomt is one that really touches the tender spot m the 
whole of this discussion— man has a sense of responsibihty It is 
because many who attach great value to dus sense imagme it is bemg 
undemuned when the vahdity of the fleewiU cntenon of action is 
attacked, that they fight this pomt of view 
The fourth pomt is that he has values, he sets greater store on 
certam thmgs, or ideas, or feelmgs, than on othen 
All these imply needs, some more urgent, some less, and it is his 
purpose to satisfy them To diat end he plans, and acts, and dis- 
covers, and fasbons the world about him, to meet his desures In the 
pursmt of satisfacuon he creates the laws of his behaviour, but he 
does so withm restnctions imposed on him by his environment It 
IS that environment also that has, m its turn, fashioned the stufl* of 
which he is made mto a bemg with diese needs — ^needs that can be 
satisfied— mto a bemg vnth these thoughts, with these aspirations, 
these sympadues, and dus sense of responsibihty 
We are now m a position to see where the ongmal confusions 
arise The purely mechanistic approach proposes the problem 
roughly m dus form* — 

“The behaviour of an individual is detcrmmed tn toto by all the 
matcnal factors m the universe mtside die mdmdual, and the laws 
regulating die operation of these Actors can be discovered by 
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ordinary scientific mediods in the laboratory ** 

The protagonists of fieewill assert* — 

“The individual’s actions are directed and controlled by internal 
fiictors only, in this he has a firee moral choice.’’ 

The mechamstic approach does not recogniae that the mdividual, 
with his capaaty for thought and analysis, is himself also one, and 
a pecuhar one, of the causal fiictors m the situation He directs a 
flow of human energy. While the mechanist is correct m asserting 
that the umverse outside the mdividual restricts and conditions him, 
he does not admit that these restrictions are also canahzmg m their 
effect They do mdeed place a situation before the mdividual, but 
he IS not an ordmaiy inert piece of matter but one endowed with 
special quahties, a bemg possessed of consaousness, capable of recog- 
mzing the necessities of the situation, and stnvmg to act In these 
cucumstances this individual brings his specific quahties, his proper- 
ties, to bear, and it is the mter£u:tion of these quahties with the 
matenal drcumstances that detenmnes the final outcome. The indi- 
vidual therefore has also to be seen as one of the forces m nature, 
and for their study the soaal laboratory besides the purely saentific 
laboratory is necessary. Believers m freewill, on the other hand, 
under-estunate the conditioning effect of the matenal forces on the 
desires, valuations and moral judgment of the mdividual, and direct 
attention to a subsidiary element m the situation, viz , a subjective 
feehng of freedom that accompames the operation of the human 
force Thus the sharp separation between the mdividual, and his 
material and soaal environment leads m both cases to a fidse 
antithesis. 

There is mdeed a distmction which must not be lost sight of, it 
can best be seen when the relation of all this to the problem of 
prediction is exammed If a saentist understands the nature of the 
matenal he has to deal ■with, i e , the necessities of the situation, he 
can venture on a prediction He can assert, for example, that an 
edipse of the moon will take place at suih and such a tune In the 
sense m which we have talked of matter makmg its O'wn laws m 
Its beha'viour, we can say that the moon will make the prediction 
come true The moon nevertheless -will not be consaous of its own 
necessities nor those of the other bodies among which it has to 
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move In precisely die same way a human bemg, conscious of the 
nec e ss i ties of a situation m which he finds himself, may venture on 
a prediction concerning his own behaviour, and wiU set about mak- 
mg It come true He wdl make it come true by plannmg purposivdy, 
and It will actually come true if he understands the necessities of 
l^^ rnse^fand his environment as well as the saentist understands those 
of the moon Because he is matter at a higher level of development 
th a» the moon, he can be his own saentist and his own material for 
study. He is at once both saentist and moon He can become a 
consaous maker of laws, both mdividual and social 

Nevertheless this is no easy task We hghdy under-estimate the 
extent to which the e xte rnal world moulds and restricts us on all 
sides 

Man IS a creature of the world, a creature of society, a creature of 
Ins group, of his im mediat e environment and of his own make-up 
In so for as he becomes consaous of these necessities, understandmg 
their laws of change, acqmrmg a sense of responsibihty through 
himself to the group and to soaety, does he become a relatively 
free man and a consaous force m nature? He becomes free m reahzf- 
mg where and how he is bound andmdirecting his purpose on diat 
consaous basis To assert that man is free m some absolute sense is 
to fly m the foce of fact To realize that he can become more free 
and to take steps to that end is for man to become a causal agent m 
fasluomng the way to freedom and to the removal of restncbons 
He thereby gives a mcaiung to “human foeedom 

To see the problem from this angle is to break down an isolation 
between man and the material he studies that has traditionally 
influenced die oudook of the saentist The cleavage between matter 
and min d leads — unless we are careful — to the idea of a set of 
mechanical laws, selfcontamed and sdf^ubsistmg on the one hand 
and to a set of abstract ideas, logically interconnected on the other 
To attempt an explanation of die two m terms of them separately 
is to stnve to bridge an unbndgcable gap Between the activity of 
the saentist and die energy movements of the matenal with which 
he IS concerned dicre is a quahtative rclabonslup Each afiects the 
other Each is a causal agent on the other Each shoivs cflccts, trace- 
able to the other Between diem they grow and develop as a unity 
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Once we recognize this the old problem of mind .versus ma^^d^ 
appears and m its place emerges a new field of scientific smdy.'JtJs 
concerned widi the multitude of problems associated witb the query: 
what is the nature of the charges tbrough which this active relition: 
sbp of mmd and matter passes, and in that process through whal 
traj^ormations does the mmd and the matter separatdy pass? 

Physical science, however, deals with those aspects of the universe 
that can be approiomately isolated fiom interference by humm 
bemgs or from the artificially excluded environment. We have sem 
that for this reason diere must always be present an demait,roi 
“uncertamty” in saenofic prediction. It is on that understanding 
that we talk of determinism witiun the fiamework of science. With-; 
out this qualification the meaning of saentific mvestigation cannot 
be appraised. Now this uncertamty must not simply be attribii^ 
to human ignorance. It is inherent mthe whole question of scientific 
law. A law is a statement of an observed r^ulanty taken at a par^ 
Ocular level. The regularity may be a chapter of acadents like the 
systematic arrangement that shows itself on the target The lav( df 
one target has to be compared with that of another. It tells us neirt! 
to nothmg about the nature of any mdividual mark hi die %ht of 
that law any attempt to specify the latter mvolves an uncertainty.,; 
This does not unply that there is some sense in which the law is, not 
real nor does the law deny that the elements firom which it has bem'i 
drawn are mdividually to be regarded as acadents. What it does say,, 
however, is that any deducOon drawn from the law will mvolve the, 
concept of probabihty We may attempt to predict, for atamplft- 
where the next mark on the target will appear. We can only do 
by speafymg a probabihty tq, each pomt on that target On the/j 
other hand, we may predict what the next target will look hke affe^'! 
it has been shot at a certam number of times. This also we associa|h,v 
widi probabihty. We make the prediction tentatively and the 
IS derived from a study of past targets Whoi we talk about d^-^ 
minism in saence we mean preci^y this and those who wduld^' 
interpret it m terms of a system of perfected laws, apphcable in a i 
muque form to all levels, to target and to mark-on-target alike,’, arc 
guilty of a confusion m scientific method. We have to keep 
befere us that every statement desenbing a group regularify 
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impliady shows itself as implying an uncertamty m the elements 
diat compose the gronp Order and disorder, accident and regu- 
larity, these are the opposite charadsnstics diat are present at every 
level of saentific study. 

Withm recent years a “pnnaple of uncertamty” has been pro- 
posed m saence, mvolvmg the assertion that there are certam ele- 
ments of the material umverse, of a sub-atomic character, that 
because of their fineness m size are beyond the limits of human 
measurement We cannot know their movements m detail, nor can 
we lay down conditions under which all such particles will behave 
m precisely the same &shion Their behaviour has to be described 
m average or statistical &shion and m any particular case can there- 
fore only be specified to a degree of probabihty 

All this may be true, but it is the conclusions drawn from it by 
some saenosts that particularly mterest us Smce no precise data 
exist on which exact predictions may be based m this case, it is 
asserted that detennimsm m saence has broken down umversally, 
once and for all, and this view is underlmed by the assertion that if 
die basic dements of which matter is composed are themsdves out- 
side the scope of deterministic study then the laws of large scale 
matter are not * m reahty” laws but appearances only, ansmg from 
the summation of an enormous number of mdetermmate dementary 
happenings 

Now the first pomt to note is that die facts from which these 
condusions are themsdves deduced ongmate out of a deterministic 
saenbfic procedure. Logically the position would thereby be 
reduced to an absurdity unless we recognize that we are refusmg 
to mterpret determinism m the appropriate sense. In the last resort 
the test of the vahdity of the saenofic method is a practical and a 
rational one If it passes that test it reflects die processes m nature 
whatever be the theories of the constitution of matter. The fact that 
there does exist a hmit of fineness beyond which it is not possible 
to obtam adequate data to apply the simple determmistic method 
must be taken as a sign that other aspects of determmism arc here 
important Far-rcadiing positive assertions striking at the estabhshed 
foundanons of saenofic method and reduang it to an irraoonal 
procedure must not be made on a frlsc basis Aaually the pnnaple of 
M s T— s 
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unceitauity tells us the precise nature of the piedictions that can he 
made by the deterministic process m circumstances m which the 
available data are of a more restncted nature than is normally the 
case Such predictions naturally become then statements of proha- 
bihty Cunously enough, while it is not asserted by those who 
clamour for the mapphcabihty of determinism to inanimate matter 
that the atom is m some sense “consaous” or “self-consaous,” they 
have not hesitated to suggest that somethmg akm to freewill reigns 
withm It To assert this is to carry to absurd lengths the antithesis to 
which we have already referred — the antithesis between old- 
i&shioned mechamcal determinism and freewill— as if where the 
former is inapphcable, the latter must hold sway 
The lesson we have to draw is that to each level of matter its 
specihc system of laws, and ther^ore its specific kmd of determinism 
and the scope withm wbch that determimsm can be apphed m 
practice is itself setded by the extent of the data from wbth infer- 
ences can be drawn Unless we will keep this clearly before us we 
are likely to shp mto mysticism where none exists 
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THINKING ABOUT ART AND VALUES 

A FRIEND TELLS ME that Becthovcn. IS a much greater musioan 
than Wagner, that Dostoevsky as a ■writer understood human 
nature in an incomparably deeper sense than any previous or any 
later ■writer; that politics is mosdy a nonsensical virago of prejudice; 
that neict to Shakespeare, Shaw is the world's greatest dramatist, 
that no ■wme that hu ever been made can compare with good old 
English ale, and t-hat Britain is the only country m the world where 
hberty eiosts 

Are these statements true? 

How many hmss have we not heard and taken part m discussions 
in which just this sort of talk arises^ *Ihey may not deal widi books, 
or music, or pictures Perhaps they may be more frequently con- 
cerned ■with jam or foodstuffi or the quahty of cooking generally, 
with hats, and frocks, ties, smts, and dothmg, with the advantages 
of travelhng by road, tram, or by air, with football, tennis or golf 
The disputants may become “hot and bothered" as die ai^ument 
gets more and more mtense, and usually more and more confused 
What was at first a smgle pomt of disagreement gradually broadens 
out until an ocean of difierences separates the parmers to the argu- 
ment and a friendship may become imperilled 
Let us exanune some of these questions a htde more closely so 
that neict time we are mvolved m such a dispute we may know 
exaedy where and why the differences occur For contrast let us 
begin ■with a different case. 

What IS the distance round the earth at the equator^ I say it is 
25,000 miles, who will dare dispute’ If you care I can satisfy you 
in a variety of ways We can look up a senes of books on geo- 
graphy, or on geology, or on astronomy We can img up the 
secrctanes of the learned soaeues associated with each one of 
these subjects and check my statement. Wc can follow through m 
detail a desenpuon of die method that has been adopted on many 
occasions by ^osc who have made it their busmess to measure this 
distance, and finally wc dcadc they have “no axe to grind" m pre- 
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feiimg 25,000 miles to any otkec figure. All sorts of people with 
different temperaments, different uphrmgmgs, at different penods in 
history have reached the same figure and have reached it either hy 
repeatmg each other's procedure more carefully or by devising a 
new method of their own. More than this By assummg that the 
circumference of the earth is just this distance, all sorts of other 
measurements fit m with this Here, then, is something about which 
there is no question of disagreement We say it is an mdisputable 
fact about the earth Sometime^ we say it is a sdmtijic fact Those of 
us who haven’t the means, the apparatus, the tedbmque or the intel- 
lectual apaaty to carry through the measurement for ourselves can 
act on the assumption that it is a fact. It leads us mto no mcon- 
sistenaes, everything that foUom from it works out all right 

Saentists are concerned with mdisputable ^cts. Discussions at 
scientific gathenngs are either about ^ts, or methods of grouping 
fects together, i e , theones Bemg human beings, however, they 
may get “hot and bothered” about the theories, but the facts are not 
usually m dispute 

It IS of no importance, you say, to know the distance around the 
world Shaw is reputed to have gone even further than this When 
told It was mnety milhon miles fi;om the sun to the earth, he said 
he was astounded at the magmtude of the he^ When you assert that 
it is of no importance, what you are implying is that it is of no 
importance to you. But let us remember that there are people who 
spend all their hves engrossed m discovenng just such &cts. Do we 
say that it is unimportant to them^ Surdy not We may be unable 
to appreciate how people can find such a dull subject so absorbing 
that they will lose mghts of sleep or take mfimte trouble with 
tedious and weansome calculations, but that is our difficulty, not 
theirs That they do find it mter^tmg is as much a feet as that you 
may find it umnterestuig, or that the earth’s circumference is twenty- 
five thousand miles 

These are all fects, but we have to be prease m stating them, or 
we will rapidly confuse a feet with a valuation In usmg ffie eicprcs- 
sions dull and tedious we are evaluatuig the process personally. When 
we say “The film Cavalcade is a better production or is more worth 
seemg than, say, The Gold Rush, by Chaplin,” we are making a 
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valuadon of a similar nature, we are not statn^ an mdisputable feet 
Wie cannot expect universal agreement on a valuation. It is some- 
thing personal, although m a sense it is not merely personal Unl^ 
some other people agreed witih us m our valuations, we 
begin to lose a certam necessary sense of secunty; we would fed 
tha t our own pardcular sense of values was wrong, that we were 
becoming queer, pecuhar We might even fed we were losmg our 
samty I shall rptiim to this question of what I would call the neces- 
sary soaal anchor essential to us m our valuations, hut for die 
moment I want simply to underlme dns distinction between values 
andfects 

A feet IS a truth about the world, a statement that m the sense m 
which we have ei^lamed it, every one can chedc up for himsdf, 
somedimg with a umversal quahty about it, somethmg we can all 
act upon m the same way as we act on a recognition of the feet that 
the pavement we walk on is solid Individually we are either correct 
or felse, nght or wrong on a matter of feet A valuation is an estimate 
of a fe e t T, p oked at from the personal standpomt it is a crude 
measure of the degree of mtercst the feet has for you, die order of 
importance m which you place it relative to yourself You are not 
nght- or wrong about this as you must be about a feet A valuation 
IS therefore to some extent a reflection of yoursdf. When I go to a 
strange house, one of the first things I do is to move over to the 
bookcase to see the sort of books that interest the residents. *^6 con- 
tents of die bookcase arc a reflection to me of their owner s values 
m that fidd at any rate It enables me not only to perceive a feet 
about them, viz , the kind of valuations they have, but also enables 
me to have a ling on evaluating them— the mtercst dicy may have 

for me , 

We can now return to my fiiend and his various assertions That 

Beethoven is a mudi greater musician dian Wagner is certainly not 
a feet It IS my friend’s valuation of what he might call Ae quahty 
of their music. It happens that I also agree with that estimate, but 
that does not constitute it a feet If I act on the assumption that every 
one else holds the same view I shall soon be disillusioned. I do not 
agree with his opimon of Dostoevsky, but there is no questton about 
one of us bemg nght and the other wrong. We arc each simply 
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Stating something about ourselves, viz., tiie nature of the appeal that 
Dostoevsky makes to each of us I am not particularly interested m 
the personal soul-^eaidimgs m which that wnter mdulged. My Bend 
IS. Iliey do not seem to me important compared witii such other 
matters as might have been handled by a man of his undoubted 
talent To my Bend they do. hi our respective lists of the important 
thmgs that have to be dealt with, he and 1 place such items m 
different orders. 

Is this, then, all there is to be said about it? Suppose I am pressed 
further, as is common m aU sudi discussions, “'^y do you think 
that Beethoven is a much greater musiaan than Wagner?” I am 
asked What am I to answer? Shall I proceed to dig out “reasons” 
to convince my questioner that I have made a “reasonable” estimate? 
What kmd of an answer is reasonable? What is a reasonable estimate? 
Let us see. 

For our purpose let me contrast the question as it has been posed 
with the following.— 

What IS it m Beethoven’s muac that appeals so much to you? 
What IS there in Wagner’s music that you dislike? If we ponder 
over these two questions we begm to realize that the original ques- 
tion treated the problem as if a preference for Beethoven arose 
prmapally out of an mtellectual a^ysis, the latter question as if it 
arose out of a direct emotional response. An mdividual would be 
perfectly entitled to reply “I like Beethoven and I cannot give you 
reasons I just like him.” The feet tiiat he could give no reasons 
would not affect the feet that he liked the music 

We must not conjuse m emotional response with an intellectual analysis 
Once we reahze, however, that we are dealing here with a personal 
preference, we can accept the quay m its original form and proceed 
to answer it, if we can, by discovenng what in our past history and 
environment moulded us m such a way that Beethoven’s music 
appeals partictilarly to us. Such an answer would mdeed eiq>laui 
why we like Beethoven At this stage what might have been an 
argumoit about the relative ments of two musicians becomes an 
ocamination of how the respective disputants come historically to 
acquire the valuations they have. The partn^ shot becomes’ “I have 
not acquired the same valuations as you have,” instead of: “I do not 
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agree widi the reasons you give ” 

Very much the same situation arises m conncKion wilh humour. 
Even if I were to make an mtellectual analysis of jokes and decide 
that It is the element of surprise, or of mcongrmty, of the ridiculous, 
of gross exaggeration, or any other characteristic that is responsible 
for moving me to lar^hter, I do not move about hfe with these 
vanous categones m my pocket, using them on the appropriate 
occasions If I am faced wiA a remade I do not pull out these “tests” 
Eom my pocket, and if the statement passes one of them satis- 
fectonly, that this is a joke and dehberately proceed to burst 

out laughing My amusement is immediate When the laughter has 
subsided I may, if I am mterested m analysis, proceed to ask myself 
whidi diaract^tic of jokes, as I have catalogued diem, stimulated 
me on this occasion. laughter is an emotional not an mteUectual 
response, but the analysis after the response is mtellectual 
What 1 have said here about music and humour apphes with 
equal force to other artistic forms A picture is placed m front of us 
We either like it or we don*t Whatever die rc^t, no reasons need 
be given How often have we seen this process reversed m picture 
gallenes The cntics have told us that this or that pamtmg is superb 
Streams of people move steadily past the pamtmgs, catalogues m 
hand, making up dieir minds that they ought to appreciate the proper 
pictures If preparation were mdeed needed it ought to be not mtel- 
Icctual but emouonal preparation, acquinng the mood to respond to 
somedung that must appeal primarily to the senses, if we can 
respond at all 

Now let me say at once that I do not want to convey the impres- 
sion that the intellect plays no part m these matters On the contrary 
the nund and other human characteristics arc very profoundly con- 
cerned A smgle illustration wdl suffice. I hand a sheet of paper to a 
colleague 

“How do you like that’” I ask. 

He cjcamines it carefully and for a few mmutes his brows pucker 
m mtense thought 

“It’s beautiful,” he says, handing it back “The way the argument 
15 developed is magnificent; and how surpnsmgly simple the result 
turns out to be ” 
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It IS a Highly technical piece of mathematical leasonmg. I hand it 
now to a chemist, a biologist, a philosopher, a linguist, an engmeer, 
a jomer, a bricklayer, an artist or a pohtician. Hiey gaze at the paper 
blankly. There is no emotional appreciation of its beauty because it 
means nothmg to them Its content is lost on them and its content 
was essentially mtellectual. It had no beauty for them because they 
lacked the particular experience that would enable them to apprea- 
ate where the beauty lay They could not possibly react to the 
exquisite adaptation of mathematical form to logical condusion that 
it odubited It is precisely as if I had shown them a poem m a foreign 
language. 

But mtellectual expenence is not the only source firom which 
aesthetic pleasure may emerge Pay a visit to any well equipped 
museum and examme the exquisite ironwork m the ferm of gates 
and railings of the fifteenth, sixteenth and seventeenth centimes that 
were produced to adorn entrances, windows, and surrounds— mar- 
vels of crafismanship How much of the aesthetic beauty do we miss 
who are unpractised m the makmg of such thmgs? How much more 
IS patent to the eye of a master! 

A work of art, something that has value for one, must therefore 
be understood if it is to be appreciated, but it is understanding m a 
wider sense than mere mental understandmg, merely knowmg how 
or why it was constructed, but the kmd of understandmg that arises 
from the fact that it deals with one’s own ei^enence. 

An mdividual who has spent his life m the enjo^ent of fox- 
hunting, may prize very highly a picture that brmgs to him agam 
the exhilaration of the chase, but such a picture would have htde 
meanmg and therefore be htde wilued by a town dweller who had 
spent his life m a fectory A worker e3q)enenced m the joy of con- 
trolhng and gmding a large machine might treasure a sketch that 
evoked m him anew that sense of power over matter. To him it 
would be a work of art that would leave-the fox-hunter completely 
unmoved. In each case the picture makes contact with an aspect of 
human expenence, and without that expenence there would be 
nothmg firom which to evoke the emotional response to which we 
have referred Any distinctive expenence may therefore be the sub- 
ject ma’tter, the content of a piece of creative work, a piece of 
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matliematics, life as a domestic servant, an unemployed man, a 
political meetmg, a revivalist gadiermg, a day at die races, manoeuvr- 
ing a yacht, dockmg-m, pay day, throwing darts m an um. 

I have chosen diese illustrations designedly There is an impression 
abroad that to be cultured is to be able to appreciate “good” art and 
diat die power to discern its goodness can be acquired, if at all, only 
after much leammg. It is true that to appreciate art at all one requires 
to be emotionally sensitive, a characteristic dependmg to a large 
extent, although not entirely, on one's physiological make-up. But 
the &a that large sections of the population, particularly the poorer 
sections, ftrequendy show htde “taste” for art, must not be mis- 
understood If the content of art has to correspond to deep human 
expenence, several questions arise that must first be answered. Thus: 

1. Who have been the artists of the past who were capable of 
portraying the expenences that would be vivid and real to these 
poorer people^ 

2 How many have actually produced such work^ 

3. If artists had produced such work would they have found it 
possible to survive? Who would have purchased their work^ 
When we come to examine such questions we begm to get a 
ghmmermg of die extent to which pictonal and odier forms of 
cultural expression of a population are assoaatcd with the class of 
purchasers of art products, and are canalrzed by the dass of art con- 
sumers who can pay for art Thus that section of the population that 
cannot afford to remunerate such artists as might cscptess dieir eiqien- 
cncc m art form, are compelled to satisfy their csdiebc senses at 
second-hand and by second-rate means The result is sometbmg 
tawdry and sentimental, a cheap mutation of the art of another class. 

To say this, is not to assert that all artistic expression appeals truly 
only to a dass Whatever the reason for its production, whatever 
die dass diat has m the past found it advantageous or pleasurable to 
Stimulate artistic production, die fiict rcmauis that much of it appeals 
to eiqienences and to emotions that arc more or less common to 
wide sections ofhumamty. Musicians like Beethoven, Bach, Mozart, 
Chopm, Bralims, and many others are apprcaated and have been 
enjoyed by practically all dasscs, nations and races, in Western 
Europe at least The same is true of architectural modes, common 
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as they are to all European aties. We note in passing diat Asia and 
A&ica are diEerent; they have produced their own characteristic 
E>mis. It IS rare to find a European who cw denve pleasure fi;oin 
Persian music or enter mto the spirit of Chinese drawmgs 

Tbs history of changing architecture m Europe can be seen to 
proceed step by step with the social devdopment of that continent; 
the early feudal days of the barons and their castles, the central 
bulwark for the social umt, th^ later the manor house with its 
feudal lord, the ecclesiastical buildmgs of the medieval penod, the 
monastenes and athedrals at the tune when the Church was the 
central power over hfe and death, stronger than kmgs m the com- 
mumty; the mercantile penod towards the end of the Middle Ages, 
with Its merchant prmces and its magnificent palaces such as those 
lining the canals of Venice; the devdopment of aties towards the 
begmning of the mdustnal era leadmg to the typical street architec- 
ture; and later the industrial towns, roads to meet the growing 
transport, ketones, and large shoppmg centres Thus step by step 
architectural devdopment has adjust^ itself to and found the 
distinctive form for each, social era. 

We can see m this way that at each histoncal epoch a typical form 
of architecture has been evolved, whose purpose it has been to 
embody the spmt and to stand as a sign of die power of die dominant 
section m the community at that penod, and the great mass of the 
population hvmg and devdopmg m that society have unconsaously 
accj^uired its atmosphere, and in a cer tain sense also its valuations 
They have watched and taken part m ceremomal in its cathedrak, 
and, bred and attuned to its atmosphere, have performed their pubhc 
devotions as a social custom and a pubhc duty. The towenng pillars, 
the arch, and the nsmg vault have symbolized a power greater than 
they themselves could individually achieve, a social force, some- 
thing to worsbp and revere, so me thin g before which then spmt 
must prostrate itself. So also the towenng ramparts of the baiomal 
casde was to the serf m one way the symbol of secunty, the social 
focus, whatever else it may have meant for him m dues and feudal 
service. And in the sense that it chd m i&ct correspond to a need, 
and seem to him to satisfy that need, and m the sense that the very 
structure of the building breathed that secunty, to him it must be 
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regarded as an object o£ art, an aesdietic stimulus 
Let us not^ however, confuse the sesthetic reactions of the donun- 
ated dass, the medieval worshippers m the cathedral, or die &udal 
seif wandermg under the protective walls of the casde with the 
sesdietic feeling of die dominant class itself on whose power these 
buildings set die seal If the casde meant secunty £ot the serf it also 
meant thraldom and infenonty to him To the baron on the other 
hand it was the matenal embodiment of his personal superionty and 
die power of his dass, his peers, and equals. To baron and serf the 
turrets of the casde must have been a source of sesdietic emotion, 
but each m his turn must needs interpret it in terms of their real 
e^eriences of life, and the valuations of their dass hi this sense 
therefore is art social; an outward form to represent or embody a 
powerful feature, a symbol to arouse an aesthetic feeling diat wells 
up m the onlooker &om a sodal source 
So when I say diat many artistic forms must be seen as emanating 
from a soaal dass, I am not suggesting diat these forms appeal only 
to the dass from which diey have emerged What I am trying to 
show IS that by the same form, by die same artistic expression, by 
the same work of art, two difrerent aesthetic reactions may be stimu- 
lated A dass that histoncally has never friund the opportumty of 
expressmg its expenences and its mterpietadon of life m artisdc 
fbnn, will inteipret the artistic forms of another dass in its own way. 

We appear to have travelled a long way from our startmg-poin^ 
the distinction between a fret and a valuation, but m domg so we 
have seen also how the padiway has forked just at a cruaal point 
The pursmt of fret would lead us to the world of saence, the study 
of values to die world of art Art m this way showed itself as the 
concrete form in which the values man places on facts are repre- 
sented, and if we are to judge from die illustrations dted, the frets 
that seem to demand inteepretadon m this way appear to be frets 
that have meamng for a group; they are in fret, soaal frets Even 
when the subjeet matter is a picee of mathematical reasomng, as 
we have seen, it needs must mean something to a sdccted group 
that share a common expenence 
Is there then nothmg in art that is individual^ Surely. For just as 
a person is both a member of a commumty with die habits, die 
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dress, and customs, the interests and amusements of his penod, so 
also is he an individual with his own private thoughts, ]m personal 
eitpenaice that differoitiates him fi:om every one else; his special 
set of likes and dislikes, his mdividual group of mterests and enthusi- 
asms, and mdeed his own particular physical as well as psychological 
make-up. For although we all have mudi m common, we are no 
two of us alike. We are the same and yet we are diflferent. We 
appear to do the same things and we do them m difierent ways. 

Take writers for eicample Each has his individual style, his own 
characteristic mode of expressing himsdf, his own method of 
analysing a situation, his personal flow of feding and his own 
peculiarities m communicating it to others, or hidmg it flrom others. 
Watch your fiiends, and their capaaty for descnbir^ an madent 
with colour and vivaaty, the extent to which they make it real or 
vivid. Each in his own way is an artist. He may he a good or a bad 
artist, he may be master of a tedimque. It may be effective or 
ineffective, or he may not even be conscious of the technique Watth 
which points he stresses, and which he dismisses m a word, those he 
places m the high lights and those in the shadows Above all, note 
how bis mode of descnption alters as the subject matter alters, how 
the flirm of presentation is ac^usted to what is contamed m it 
He IS an artist who succeeds m arousing in you die thoughts, 
feelings, and actions appropriate to the contents of his story. He 
calls up mental images, he aeates the atmosphere of feeling with 
which these images have to be associated, a nd he arouses in you the 
desire and die energy to do what he cxmsiders is the appropriate 
action. He is a consaous artist who is aware of his own purpose and 
ddiberatdy devises the techmqtte of expression, of light and shade, 
of sequence of ideas, to create this effec t. 

In short an artist is one who can successfully adapt form to content 
Read for example how the writer in the Old Testament creates 
the appropriate atmosphere in the story of Ruth atid Naomi. — 
“And Ruth said; 

Entreat me not to leave thee, j or to ret urn feom following after 
thee* j for whither thou goest, I will go, j and where thoulodgest, 
I will lodge: j thy people shall be my people, | and thy God my 
God: 
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Where ihou diest, ■will I die, [ and there "Will I be buried; j the 
Lord do so to me, and more also, j ifaught but death part thee and 

MS ” 

me 

The words are simple and homely The flow is even and mdodious 
as becomes the subject-matter, and yet the very evenness of the flow 
and the restramt of the language suggests the depth of the fee ling it 
IS mtended to express There is not a superfluous word nor a jarrmg 
note, the mood of the story breathes through the language. 

What we have suggested about the spoken word regardmg the 
interplay between form and contoit, and the struggle we con- 
tinually wage to adapt the one to the other, to put our thoughts 
into words, arifl to clothe our words with meaning apphes with 
equal force to all other ferms of art, to poetry, to die novel, and to 
prose generally, to pamimg m oils and m water colour, to sculpture, 
and as we have seen, to architecture 
A creative artist is an experimenter He is contmually seekmg new 
combinations of colours, new modes of agression, new combina- 
tions of harmonies, new forms of hght and shade, new mediods of 
introducing discords to emphasize more dearly the harmonics that 
he there He docs not, as a saentisc mighty squeeze him s elf out of 
the picture a nd merely work out all the possible combinations He 
identifles himsplf with it, sensing, feehng, and testmg the new 
varieties to ascertam if they express what he feds is pent up withm 
]iim, what he feds he contains He spends himself The content is 
given, It is contained m the soaal life of the people among whom c 
hves an d m the world about him, and it seeks expression throi^ 
him As an artist he does not direcdy experiment with dwt If that 
content IS not given to him, if he cannot expenence it, he cannot 
be an artist His first duty is to mterpret hfe as it is 
But It would not be true to say that the artist need oidy be an 
mterpreter That would indeed put him on a level widi die tradi- 
ttonal pyosopher who conceives it his busmess to tcU us simply 
what the world means, and not to show us what might be done 
with It. If the amst is to mterpret the world m this other sense, m 
the sense m which it is real to die members of the commumty who 
have to make his art their own, he has to mterpret hopes, desires, 
and ideals, for these are real human charactcnsncs Hcliasto under- 
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Stand sufficient about the world to be a prophet, a true prophet, in 
that he has to interpret what such people can do with the world to 
create the hfe to which they aspire He has in hict to be an artistic 
scientist He has to be capable of analysing both individuals and 
soaety that he may picture a p(»sible and an attamable world. His 
IS no easy task, for this touches only the possible content of his work 
His next stage is to discover the form, the medium in which to 
express this, not sunply to delm^te it statically, but to express it m 
the active sense that is desired by those who may feel urged to 
create the new world. This is the modem mood m art as it is in 
saence and mdeed m almost every other form of human activity. 
Are we not all askmg the same question ~ 

"What can we do m our particular hdd to hd.p rescue mankind 
from the dangers that beset it^ For what must we stnve and how 
must we do so?” 

These mdeed are questions, if not already on the threshold of our 
hps, ever lymg at least m the background of our thoughts The 
artist if he is to mterpret hfe as it is, if he is to be consaous of the 
social badcgrotmd from which he has emerged, if he is to be con- 
saous of the part that art has always played in soaal hfe, must a^t 
m resolvmg this great problem. To be unconsaous of this, is to be 
Ignorant of the great task of the creative artist at this epoch m his- 
tory. In this sense his situation is similftr to that of the saentist, the 
politician, and the teacher. 

It IS m the effort to discover the appropriate form for thistok 
that the creative artist becomes the experimenter, but to experiment 
without the analysis, before afull reahmtion has been acquired of the 
content of what he has to express, before the artist is hims elf suffused 
with the feehng and soaked m the emotion of the problem, is to 
seek a form without content Such art can only be devoid of meaning. 

Once we appreaate this aspect of the question a new hght begins 
to be shed on some of our modems Aldous Hiudey, aware of the 
decadence of the present but with no hope for the future of man- 
kmd, concentrates his wntings on the futihties about him. Brave 
New Worldt a fantastic novel depictui^ an unsoaological state of 
affiirs mto which mankmd could not shde, where saentists have 
achieved a biological control over humanit y, and converted the 
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world into a mechanized state of men and machmes, can be taken 
only as an indication diat saence is an ever-present danger. Had he 
been consaous that, as the instrument of art, saence might assist . 
him to predict the nature of the changes m die social order which 
man can achieve, he would not have erected dus j&ntasdc warning 
out ofhis imaginative bram It is not that we are m danger of sober- 
ing &om too much saence, but &om too htde Thus what is used 
IS largely apphed to anti-soaal ends 

D H Lawrence, imbued by an mtense dislike of a system that 
destroys men, incapable of analysmg the soaology of die problem 
that arouses bis ire, and yet a master craftsman m the handhng of 
form, seeks to escape from the confusion by longing for a new 
begummg with mankind m some remote comer of the earth, or 
discovers diat the driving power hes not outside among men and 
women but within men and women themselves, the urge to sex 
expression 

Modem artists expenmentmg with form unrelated to anythmg 
hut the most abstract and therefore attenuated and unconvmang 
feelings, produce pictures of Imes and mangles hkcjig-saw puzzles, 
dchberatdy pursuing form without content, emptying die baby out 
widi die bath And so we have our cubism and vortiosm and a 
multitude of “isms “ That sunpliaty can be much more powetfulm 
expression dian complexity is cert^y true, wimess die quotation 
given above from Ruth and Naomi, but sunphaty at die expense 
of content is the dcmal of art And ail dus may be seen as part of the 
great fli^t from reahty that dus last twenty years has wimcsscd To 
be understood it has to be set side by side with die pronouncements 
of those men who assure us that die colourful world of 

maninnfl is m rcahty but a vast gcomcmcal proposition, devoid of 
all but mathematical meamng 

There arc artists who claim that in die pursuit of abstract art dicy 
are stripp ing it of the undesirable dements in modem decadent 
soacty diathavc degraded it to the “photographic” level, and replac- 
ing It by somethmg more permanent and durable History alone can 
dcadc finally the tmth m this contention What cannot be gain- 
said IS that in so far as highly abstract art appeals only to a very 
select class of asthetes, excessively small m number, and docs not 
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fit Its artistic forms to express, strengthen and purify, here and now, 
the creative desires and aspirations of submerged and therefore 
artistically mute humamty, it divorces itself sigmficandy from the 
present phase of man’s struggle for physical, mtdlectual and aesthetic 
emanapation 

But surely, we are entitled to argue, there are many works of art 
of high merit, and recognized as such by all of us, that cannot be 
dismissed on such a basis What of the landscapes of Turner, the 
pauitmgs of Rembrandt, or of Van Gogh? By what stretch of 
imagination can these be justly seen as emerging from a social back- 
ground^ What of Beethoven, Bach and Mozart^ In what sense is 
their work related to the social structure, and if they are not, are 
their mdividual creations therefore to be condemned? Is there no 
art that rises above such considerations, elements that have something 
approadung a umversal vahdity? Are we to say that five hundred 
years hence these great masters of music will have been forgotten^ 
To refuse to answer such questions would be to flee firom the 
problem we have set ourselves More than this To deny that there 
are works of art of this nature that are hkely to hve as long as men 
breathe and sense and etgoy would be to deny what seems almost 
selfevident 

Mankmd has been cradled m an environment we call the physical 
world, turning himself to the task of mastering that environment 
for his advantage In such a situation there are at least three elements* 
(fl) The material and physical world . . the extra-human 
environment 

(i) The soaety, the human environment that manlcmd creates 
m his effort to erect a satisfactory home for himsdf m the physical 
world, indudmg its institutions, its philosophies, arts and sciences 
(c) Man, the human bemg, the biological entity that occupies 
a place amoi^ the ammals 

There we have the three primary factors m the human problem 
Material from any one of these three may be the subject-matter of 
the artist, that is to say, it may be the topic whose significance he 
proposes to commumcate to us His treatment as we have seen will 
depend on himsdf, the environment from which he has sprung, and 
the fidd firom which his topic is selected There is yet a' nf>ihgr pomt 



THINKING ABOUT ABT AND VALUES 547 

however The arbst may propose to commumcate a meaning to us 
but whether his subject does m ^ct have for us the meaning he 
intended is another matter, for all mea. and women are not ahke in 
make-up or m their experience The Baronial Castle as a work of 
art signified to the serf somethmg utterly different firom diat for the 
baron himself. 

An artist like Turner chooses a landscape, a part of the world not 
yet appreciably affected by the inroads man makes on nature His 
subject matter lasts It is man approximate sense, umveisal In vary- 
mg degrees to all human beings nature has a direct aesthetic apped, 
and the artist has put his finger on a sensitive spot m the rekuonship 
between man and nature. A& long as that relationship persists as an 
emotional reahty it will be possible for an artist to succeed with such 
a topic On the walk of his cave, pnmifive man pamted pictures of 
wild ammak breathmg vigour and action They were a part of 
nature to which we are stdl sensitive; they are works of art, but 
diey are ako soaological studies, in that they cast some hght on the 
immediate forces with which he had to contend m these early days 
of struggle 

Novelists and poets have turned to the mterplay of human emo- 
tion and feehng, love and hate, sex and marriage, ambition, joy and 
exaltation, hberty and slavery, peace and strife In a sense agam these 
are permanent fixtures of die human speaes, but their import vanes 
from one soaal epoch to another. 'Iliey are transient The love 
sonnets of one penod, sweet as is their musical form, m content lose 
their cogency m a more sophisticated age Romantic courtship fades 
fi;om the soaal screen to be replaced by the newer reahucs The class 
that found expression m love sonnets passes away, and the central 
theme changes 

A modem arust chooses as his topic an mdustnal town at dusk, 
black factones, gaunt cranes and elongated chimneys picrang the 
clouds and streakmg the heavens m bdehmg columns of smoke, a 
dull, drab picture m black and wlutc outhned agamst a darkenmg 
sk)' We who know it find m it an aathctic appeal. It is a sociological 
study, the new struggle of man with man-made mdustnahsm, and 
man v^ith nature. To the peasant it also means somethmg, something 
ugly, a demon that may destroy the countryside, an insidious, all- 
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powerful devil. To the fectory worker it is his life, his home, his 
world. He hates it and he loves it. He has seen it just hke that, from 
the streets and from the outskirts of the town. It broods over him 
and he over it Can he master it or will it master him? 

Such a topic deals, after all, “with an experiment on mankmd, and 
the problems it arouses are of umversal significance. The setting is 
transient, a thousand years hence it may be a record of anaent 
instead of contemporary history, but the picture vuU still signify 
the perpetual struggle of manland vnth nature Only those who 
have partaken m that modem stmggle vwll be able, however, to 
sense it m the way a worker now does. 

Form m art is deeper than mere outward shape A landscape, a 
factory, leqmre to be recognized as such, at least, in order to achieve 
their artistic purpose The form is inevitably associated with some- 
thmg material, something perceived by the eye. Can there be a 
form of art m which this mtellectual and visual element is reduced 
to vanishmg pomt? Can the sense be directly appealed to by a form 
that is neither visual nor mtellectual? 

Music appeals to the emotions direcdy. It has no physical shape 
m the accepted sense, and its mtellectual appeal is not direct Human 
bemgs are biologically entities. They are similar as regards the 
stimuh that stir them althoi^ they differ enormously m their 
capaaty for response, that is, some are more sensitive than others. 
Music is a pattern of sounds that, entering throi^h the ear like 
speech, does not focus the mmd to objects or ideas but proceeds' 
direct to the emotions. It is to the pattern that the human bemg 
responds It may throw the mmd and the frplings back to past ex- 
periences, perhaps not consaourfy. Emerging from it he may find 
he has re-hved, re-enjoyed andre-suflfered the memories of himself, 
his frmily, his class, and his race, m that sense it is a new experience 
to be Itself re-hved on some future occasion Now the significant 
thing about music is that it may be ei^oyed by human beings cw 
masse or by an mdividual alone, but ie response to die same 
musical work vanes enormously from person to person One of the 
joys of the aftermath of a concert is to realize tl^tonchas captured 
a theme or a portion of the music, and that henceforth it is one’s 
ovm Iq this sense successful music appeals to an aspect of mankind 
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diat IS common to hmnamty, somcthmg as it were biological, and 
therefore also mdividual, something approximately permanent in 
man It is m this sense also that a Bach, a Beethoven or a Mozart 
appear to stand outside time and space. 

To say this IS not to assert that there cannot be music of value 
diat emerges particularly £mm. a temporal soaal context. This as 
we have seen is true of art in general, but we have to distmguish 
between art that is well-grounded m die soaal and biological make- 
up of man, and so-called art that is a passing fashion, a temporary 
stumilus to jaded workers, or to a leisured class su&rmg from bore- 
dom Like popular songs, such art is to be seen mainly as mere 
muscular exercise 

Form m art IS something deeper than mete outward shape. When 
the artisc deals with matoual things, must shape then not be pre- 
served’ 

If a caricature be defined as a picture or description of a situation 
in whuh some characteristic is especially exaggerated, then all 
description and all pictures are cancaturcs Even a photograph can 
concentrate only on the outward form and a particular expression 
Every writer and every artist m the actual process of creatmg his 
work IS absorbed m die need to brmg out (and therefore to exag- 
gerate at the e^ense of the others) certam characteristics that seem 
to him important That artist is successful who dehberately con- 
tnves to m^ patent what we suspected lurked in the background, 
to drag to the stream of feeing and the hght of mmd an aspect that 
IS deemed important to him, and becomes thereby important to us 
Thus the purpose of the artist is to make bs material as hfehke as 
possible, but it is **lifelike” m no geometrical sense. A caricature of 
a leadmg pohucian may be more cogent, more emotionally apt and 
sadsfymg dian any portrait by the foremost pamter of the day. For 
many purposes the electorate on poUmg day may be more adc- 
quatdy depicted as a flodc of sheep than as a set of mtelhgcnt men 
and women True outward form, meaning thereby true geometrical 
form, may mdeed be useless and nusleadmg 

Saence in one sense is concerned with a "copy” of nature, art 
Viith the meamng nature has for man. Thus as saenust, man uses 
his senses for the purpose of noting bets and coUectmg them togedier 
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into a logical system that we may be tbe better' eq^uipped to 
material world and control it. libe artist begins wl^ me sci^HS|! 
leaves o£ Wliat is my purpose, he asb? 'Whuli are impokmt 
for that end?~and importance to him is primarily ^otional app^ 
He discrmunates by feeling, by sensing, and not alone by thought 
Thus to the saentht^ the artist is a caricaturist of nature; he distorts; 
the form of things m order to arouse in the onlooker his sense of 
significance. To the artist, on the other hand, the saentist is a'canca? 
tunst; he mamtains the form of things, he fits all detail medumically 
mto its allotted place irrespective of their value. The purpose of the. 
two are different Each uses the world about him to aduero'fi 
end, dbe one to understand mtellectually, die other emodQnally.' All: 
thir^ are parts of the world. All thi^ have significance for. us.: 
We need both. ” T' 'i 


We of this epoch have grown tq> during the dymg phase of a 
penod of intense mdividuahsm. As we can see in other sectioiis;p£ 
this book, we find ourselves naturally approaching every issue widi 
the query on our bps: “How does it a^ me?” I am not trying to 
suggest that there is anything objectionable, or nasty, or mom'/ 
depraved, about this, for what I have said applies with equalTdrce 
to those unselfish members of the community who say: “I fahnot 
bear to see such sufiering.” I am not trying to draw a moral distinc- 
tion between these two approaches, but rather to underline die 
sense in which they ace the same standpoint. Both begin with<lhe 
/ assumption that the world revolves around “me,” that it is ‘1” who 
occupy the centre of the stage, and that “I” have to deade what “I” 
should or should not do “I” am an mdrvidual, it is “my” 'con 5 
science that tells me whether tliis is nghf or wrong. Other peoj^c 
are hke “me,” and all the otl^ “IV’ combine with “me” to fiinh 
the community. "My” view of the world is such and such, and “I 
propose to do this or that with "my” life. - 

Regarded fix>m this standpomt, *1” look at the world out, there 
and “I” interpret it to "my” satisfection. If you do not agree with 
me you are wrong. , 

Now a large part of the earh©* section of this chapter was dieted 
to showing precisdly how individual were the ■valuations we phe^ 
on the wodd. We have been busy bustling ourselves oS the centre 
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of the Stage, just as Copernicus unseated die earth from die centre of 
the universe ■where early man had placed it, and just as Danvm 
threw man back among the audi^e of animals from his self- 
appointed perch before die foodights Where saence has been able 
to ofier precise knowledge on such matters, the inflated bubble of 
our self conceit has mvanably been pricked, and our mdividuahstic 
oudook u ndermine d We project OUT feelings that we are umque 
and distinctive with all their subjective strength mto die world about 
us, forgetting tbar bntnan beings are all ninety-nme per cent alike 
We fril to realize that just as we are frequendy unable to disti ng uish 
one Chmese from another, so he cannot tell which of us are even 
EngliQlimpn, German or Atriffnran- We exaggerate our difleiences, 
play out our umque role, sublimely unconscious of die fret diat 
others are playing practically identic^ parts 
Now all this h^ been gready intensifi ed m comparatively recent 
tnneSj particularly sinrp the da'wn of the nin eteenth century and the 
nse of mdividuahsm That period produced its own speaal brand of 
philosophy m the attempt to justify the features of the economic 
period Members of the commurnty vied m competition with each 
other for ec onomic sup remac y, “Nature red m tooth and daw 
became elevated to a prmaple of action fiir human bemgs, and he 
waxed frt who possessed the characteristics of greatest advantage in 
the struggle for success The common hmnamty of man sank low 
into die background, and the dificrences showed up as of prime 
signifirancff Freedom, yes, freedom as an abstraction was worth 
striving for, but freedom for the mdividual it must be m practice, 
freedom to pit advantage against disadvantage, force against ■weak- 
ness Anytfamg else "was “unnatural ” Salvation became mdividual 
salvation and moral precepts demandmg the development of mdi- 
vidual diaracter penetrated mto educational practice He was ■valued, 
he was who "was possessed of outstandmg charactensucs 

And so art acquired the same complexion, die novel vnth its 
hero, the theatre with its star, the pamtmgs of frt aldermen and 
grubby men of money Individualism had penetrated deep mto the 
thoughts and values of men when its very art served to express this 
pnnripli* Histoty, too, reflected this mood It became the story of 
bugs and queens and wise counsellors against whose great deeds and 
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outstanding vutues the social life of die people was of htde con- 
sequence Now while the economic structure of the mdividuahstic 
stage IS at last crumbling before our eyes, the values we have uncon- 
saously acquired and mcorporated mto our institutioiis of learning 
and of art stiU remain with us. They are reflected in our whole out- 
look and in our standards of cntiasm A film depictu^ a great 
engmeermg feat such as the laying of a railway £rom Turkestan to 
Siberia, that might completely transform the culture and the popu- 
lations of a vast area of the globe, is “dull” m contrast with a flhn 
featurmg one of our latest stan. That there must be a focus of 
mterest is admitted, but in demanding that the centre be held by 
an individual with whose domgs we also as mdividuals can identify 
ourselves as we sit tamely by, we are applying an artistic critenon 
that has its origin m an already dymg epoch of soaety. 

But change is upon us An eye cast over the agonized &ce of the 
West easily sees that withm a short histoncal period man will have 
fought his way to a new social level, m which the common ele- 
ments m mankmd, the enduring elements m us, will be the bmdmg 
Actors, and mdividuals will And their place not as disruptive umts 
each fighting for the centre of the stage, but as natural dements m 
a common enterprise. If this is mdeed so then new values will be 
bom, catena of good and of bad art will swing firom their present 
mchvidualistLC trend to others more securdy founded m social 
order and consaous social activity, prizing action m common 
above the erotic exploits of a modem Apollo or the love play of a 
Hollywood dolL 



CHAPTER TEN 


THINKING ABOUT POLITICAL 
PRINCIPLES 

P OLITICS ARE concemed with problems of government Their 
importance rests on the fiict that if the decisions arrived at arc 
mcoEporated mto law, they a&ct the hves of us all For not only 
do thp y regulate gT»d orcumsenbe our conduct m innumerable 
small ways, but large masses of the population may have their 
station m life and the future bodily and mental health of their 
rbildrgn determined for them by the legislation that is passed, and 
enforced m the last resort by the pohee, the army, the navy, and 
the air force, the so-called forces of law and order During a national 
r nsis, a war for evample , our very hves rest in the hands of the 
government m power Moreover if a moment arrives when pohncal 
action is called for, and diere is no true understandmg of the real 
meanmg of the Situation, the consequences diat ensue to us all may 
take generations to overcome. 

Those who would argue, therefore, that pohtics is a futile game 
for over-enthusiastic youth, dishonest place-hunters, a cesspool of 
prejudice, and a source of mtngue, outside the realm of mcelhgence 
or honesty, be counted out as having lost mterest in what may 
most vitally afilect them Alternatively, of course, diey may have 
decid ed after elaborate study that history pursues its course unde- 
flected by the pohncal contomons either of the electorate or of 
party leaders, that governments come and go, each pcrformmg auto- 
mancally the ta^ its nval would have performed had it been m its 
place, mechamcally dehverrag the speeches and going through the 
gestures of amvuig at decisions already settled for it, that when a 
government of one complexion ventures on legislanon of its own, 
at the first opportumty its rival hastens to repeal its laws, and so sets 
history back on its predestraed course 

. Such a view, attraettve as it might appear to those already well 
matured m pohncal cynicism, is not easy to maintain in iota by any 
one who has had his desires f^trated and his activincs curtailed by 
die rdendcss demands of the tax collector It might nevertheless be 

553 




argued 'widi some show of reason that the pohtical views of the 
dectorate are themsdves of litde consequence m deadmg these 
matters, that not only are people not eqmpped intellecti^y to 


arrive at decisions on matters of State pohcy, hut thatth^ cannot 
have the requisite information at their disposal to enable them to 


exercise their judgment even if they were possessed of that quahty, 
and that m any case their mmds, their views, their emotions, their 


desires, and their actions are settled for them by pohtician, pulpit 
and Press 


On this view the pohucal outlook of the dectorate is not a prune 
cause of change, but is itself mainly settled by factors of a much 
deeper character In evaluatu^ this thesis, therefore, we are bemg 
thrown bade on a problem of a mudh wider scope; and legitimatdy 
so. For if our soaal, mdustnal and pohtical history ought to be 
directed by the desires of the peoples afi&cted, is it not vital to under- 
stand what It IS that determmes tl^e desires? Unless we can become 
aware of these forces, and m so doing if possible nse above them tp 
a new levd of understandmg of oursdves and our environment, 
how can we be anything but the unconsaous manonettes diat 
answer to every pull of the string, bdievmg m the free exercise of 
our judgment at the ballot box as an automatic Tnarhinfi might 
beheve, if it could think, that it chose of its own freewill to render 
up Its quota of chocolate m return for the proffered com’ 

It appears, therefore, that we shall have to discuss with some care 
this whole question of how our judgment is unwittingly affected by 
matters outside our immediate consciousness, but that is not all Yet 
another problem diat mterlodss mtimatdy with this has already 
been touched on Is it possible to analyse the prmapal factors that 
setde the social, mdustnal and pohtical development of any country, 
and to discover how 6r these include the pohtical views of the 
electorate at all’ Is our pohtical cyme, perhaps, nghf after all when 
he asserts that history is a sort of fatahstic process that rolls along 
Its predestined path irrespective of what you and I may say or do, 
that we are mdeed mere puppets of history, waving our arms and 
speaking our parts not perhaps at the will of single individuals but 
at the dictates of supenor economic forces’ 

Let us make it concrete. Was the war of 1914-18 the mevitable 


/ 
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dimax to a previously existing atuation, the shot at Sarajevo a 
tnvial madent of no consequence because the vrar was already upon 
us after premonitory rumblings that dated back many years^ Was 
the ay, “Rally to the support of plucky htde Belgium,” the cry of 
a manonette, and we who rushed to save avilization[nc], automatic 
macbmes respondmg to the pull of a lever? Can we look back with 
equammity and say now that our feelmgs and our actions then were 
based on an informed judgment and an adequate understanding of 
die issues? Was die war fought because we beheved a moral mjustice 
vras being meted out to Belgium, or was that case manu&ctured &r 
us after events had shaped their course? Could our moral judgments 
be legitimatdy ranked with the causes or with die effects'^ Do we m 
&ct justify our actions after the latter have become unavoidable 
necessities? After all, no one m history has ever fought to mamtain 
what he conceived to be an unjust cause In every war both sides 
hold they are fightmg for nght, and almost without exception they 
recave the blessings of the custodiims of pubhc morals m that strug- 
gle German and Bnnsh church leaders alike pray for the victory 
of the arms of their respective countnes Even Hider and his Nazi 
l^arty “justify” their aggressions on the score that Germany has been 
un&irly treated 

Is it possible that the underlying causes of the war of 1914-18 were 
still present during the makmg of the Treaty of Versailles and that 
die long penod of post-war distress, anxiety, tension and finally 
rearmament were simply the working out agam of diese self-same 
undalymg causes? B it possible that the commg of Hider and his 
party, wi^ all its oppression, brutahty and ill-treatment of mofien- 
sive mmonties was an almost mevitable consequence of diat same 
situation, and finally is it not more than probable that the present 
'Utbreak of war agam is nothmg more than a repetition of the 
’*^14-18 struggle once more brought to a head, m a more mtensc 
:inational situation, by the same underl)'ing causes? 

'low It should be noticed that all dicse questions arc bemg 
■ '^ed towards the same objective. We arc m rcaht)' mquinng to 
what extent there is a speaes of causahty, to what extent there exist 
ovemdmg laws of cause and cHect, m large scale soaal afiairs as 
distinguished fi:om the more detailed problems ^^c have lutherto 
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considered If there are, we are naturally mterested to know whether 
our es^erts in tliese matters, m , our pohucians, have discovered 
and work on an understanding of these laws For notice, if the kind 
of causahty here suggested does m fact eiost, a pecuhar hght would 
be thrown on the high-soundmg pohaes and promises that have 
from tune to tune been voiced by leadmg pohticians m their plat- 
form speeches Agam and yet agam we have been offered remedies 
for this or that social evil— “prosperity is round the comer,” “wise 
and understanding statesmanship has led us out of the slump,” and 
life will presently be its old humdrum self. The imphcation in each 
case is that the power to handle diese issues successfully, rests entirely 
in the hands of the government concerned. If there are mdeed forces 
of an mtemational character at work that exercise a decisive effect 
on the mtemal arrangements of any one country, then the speeches 
of these pohticians make painful readmg; for they would imply that 
the very mdividuals mto whose hands the control of our destuues 
has been placed have not yet begun to understand the forces at play 
What would we think of an engineer whom we had called m to ' 
deal with some mechamcal d^ect, and who turned out to be 
Ignorant not only of the pnnapl^ of mechanics but of the &ct that 
there was such a subject as mechamcs? Even if m the past he had 
succeeded, by tmkenng about with a piece of machmery, to get it 
to run for a tune, would he not be completdy at sea when fiiced 
with a senous breakdown^ Is it the case that our outlook on these 
pohtical issues is still of the tinkering sort that does not even know 
how to begm to ask sensible questions about the issues that meet us 
at every turn? 

Clearly we have to nd ourselves of many illusions We have to 
think of pohtics and all that is involved in it, scientifically, objectively 
at first, on a wider scale than the mere detailed problems presented 
to us at dections We have to see pohtics as one of the ways m 
which history is bemg made. If there are pohtical pnnaples, just as 
there are mechamcal prinaples, then we l^ve to see government as 
the practice of these pnnaples, soaety as the laboratory and we, 
manland, as the matenal upon which the experiment is conducted 
Then we have to become consaous of the feet that by our actions 
we make history, and seek methods of controUmg that experiment 
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consaously and ddibenitdy 

There is one trap into which most of us easily M. We have 
stressed the need for distinguishing a &ct and a judgment Now m 
pohncal matters we are constantly liable to dns conEiision We get 
sidetracked from an analysis of how a certain situationhas arisen and 
turn to condemn die motives of those who have brought that 
situation into being. There are studies for which motives may be 
almost irrelevant We are not usually tembly interested m the good 
motives of our friends who get us mto trouble It is more important 
to know how it all happened and how to repair the damage We 
ask, what made them do it EquaEy we are amused when someone 
with a bad motive does us a good turn It is not so much the stupid 
mtentions people have, that matter, but their actions It is surely a 
short step from this for us to recognize that our moral mdignation 
may be a secondary matter if we are to understand how a situation 
came to pass. 

This is not to assert that human bemgs do not act “ of set pur- 
pose,” with good or bad mtentions, but rather that these mtentions 
may not be the primary causes They may be the “justifications” 
for actions dictated by other forces of which they are not fiiUy 
aware With a friend 1 discussed the mvasion of Poland by 
German troops “1 wonder why the German Government found 
itnecessary to do that?” I ask "An act of pure aggression,” my fncnd 
rephes “You would surely not attempt to justify that?” and the 
discussion comes to a dead end He is more concerned with a moral 
estimate of the action than an undentandmg and what m fact were 
the necessities 

“Why does Germany,” I ask, “contmually put forward this 
demand for colomes and for empire?” 

“Pure jealousy, desire for power, prestige . ” comes the answer. 
In this way we are headed off from an examination of why mdus- 
tnal countnes like Bntam, France and Germany seek colomes and 
empire, by saymg it is some form of wickedness on die part of a 
country that came later on the field. Of course, if it is wickedness, 
die only solution is to beat the devil out of the wicked But suppose 
they cannot help themselves— what then? Supposing modem Ger- 
many is treadmg the same path as Bntam and France trod in the 
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seveateenth and eighteenth centimes. No one would assert that the 
present Bntish and French Empires were dehherately designed by 
some group of sdiemers, two centuries ago. But neither was it a 
miracle It was a perfecdy understandable development that followed 
from the mdustnal and commercial needs of the home countnes 
As It occurred no doubt each step was given its jusuEcation, and 
those who earned it through probably bdheved they were perform- 
mg a necessary task of civilization T^at is important to ask is why 
countnes with an mdustiial structure like those of Bntain, France 
and Germany either actually acquire colonies and empire by con- 
quest from ^e inhabitants, or fight eadi other for that purpose. 
After all, Bntam drove the French out of huha and Canada; no 
doubt both contended that nght was on then side. Every country 
fights m its judgment not only for its own nghts but for those that 
transcend its immediate mterests— fiir the good of mankind Genera- 
tions after this mankmd may be m a pondon to judge— and perhaps 
to smile cymcally. 

If we can grasp this idea we can be fieed fiom the confusions and 
stupidities of blmd pohtical proposals, for once the analysis is 
developed we should be at last m a position to eicamme any given 
proposal as a concrete contribution to the solution of what is, in a 
certam sense, a saentific problem, the afiiir of every man We 
should be able to see it as a bit of history, a proposed expenment, 
and judge it as one would any other experiment m science, by what 
the experimenter hopes to achieve by it and by the evidence that 
this hope is at all justified 

History is made by human bemgs We— you and I— make history 
There are no subde mystenous agencies at work beyond the wit of 
man to understand; here, as m other branches of saence, we begm 
■with this assertion. When we talk of economic forces we mean 
actions by mdividuals and groups of mdividuals m connexion with 
the production, distnbution and withholdmg of matenals for use. 
When politicians talk of the “mystenous disease of unemployment” 
they are implymg that they do not understand the nature of the 
relation of groups of human bemgs among themselves, that keeps 
one section m idleness and ■withholds consumable goods from it; 
diey do not understand how the actions of one group of people are 
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preventug another group from earning its daily bread. Thus by 
calling It a mystmom disease they throw the responsibihty for their 
Ignorance on to the shoulders of some supernatural agency. 

But human bemgs m their active relations with each odier do not 
make history in a vacuum It is in organized working at the material 
world, dragging its treasures firom the eardi, and m what human 
bemgs do with the results of that labour and do to each other m the 
process, that history emerges Thus there are mitially two sets of 
&ctors of prime importance that pomt the course of history of any 
great group of human bemgs For convemence we will refer to them 
as environment and relations Let us examine these two separately m 
detail and later see how they mteract with each other. 

Environmental factors cover what might be called the natural 
resources of the soil, and all that has come &om it as a result of the 
apphcation of human labour m the hum of skill m craftsmanship 
and organization It is the miheu m which people work and hve. 
They mdude also the dimatic conditions of the area under con- 
sideration Thus we may say diat the history of Bntam lias been 
conditioned (I use the word dehbeiately smce it canalizes, or con- 
ditions, what human bemgs can do with the part of the world at 
their disposal) by the presence of coal and iron m large and m 
accessible quantities, and with a dimate that made it possible to 
work these mmerals The social h& that would consequendy arise 
m Bntam would necessarily be closely bound up with the working 
of these mmerals, once it had become possible to utilize them The history 
of Iceland or of Canada or of Austraha on the odicr hand w'as con- 
ditioned by their speaal resources, fishmg m the case of Iceland, and 
gram and land cultivation generally m the case of the others A 
country with a nch store of natural resources is potentially a 
wealthy country, however that wealth may be distnbutcd among 
the population It may nevertheless remain povert}'-5tncken if these 
resources are not developed. That; as we shall sec, is a matter of 
organization m production and distribution and a very important 
one For the relations that men enter mto with each other, relanons 
mvanably scaled down by law, wiU fix whedicr or not the natural 
resources of any area can be turned to the maximum advantage of 
man- OthcT factois Will contribute, but this is fundamental. 
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Relational factors are the aitangemeats that aie made m the com- 
munity among its members to develop the natural resources. The 
feudal system, although not usually seen m that hght, was such an 
arrangement. There, where the particular natural resource that was 
developed was the fertihty of the soil, the serf was bound to perform 
certam duties m this scheme for the lord of the manor. The product 
of the soil belonged by law to the baron, smce the soil belonged to 
him, to he undeveloped or to be cultivated as he thought fit. Thus 
he or his bailifi* deaded, so much for gram cultivation, so much for 
fiuit, so much for vegetables, and so much to be kept untouched 
for hunting. The product of the for^t, the game and the deer, were 
agam the personal property of the baron, and he who broke this law 
of property would pay forfeit with his ears, his hand, or even his 
life. 

Such mutual relations between worker and proprietor, between 
those who by law owned the natural resources and the tools, and 
those who apphed then aafismanship to them, largely detemuned 
what kmd of soaety would emerge 

For among other ihmgs, it settled the nature of the leisure of the 
vanous levels of society It meant that the serf had to devote any 
spare time he could find to eking out a bare existence from the 
small piece of soil he was allowed to cultivate for his .own use and 
out of which he had agam, by law, to pay his tithes to the churdi 
fiithers On occasion when the head of the family was called away, 
accordmg to his legal duty, to fight the battles of his lord abroad, 
or on whatever maraudmg expedition he cared to undertake, the 
carrymg on of the duties of the estate fell on the young members of 
the fiumly It imphed for the baron and his retinue that they could 
devote themselves to the art of hunting and horsemansbp and to 
the enjoyment of a certam level and quahty of cultural life. To the 
peasant it imphed a life of bondage. It imphed a sharp demarcation 
m social class, and a drastic conditionmg through the cncumstances 
of his mode of life, that created m him a characteristic set of values 
profoundly difierent from those of the dominant class 
Such mtemal arrangements that have gradually been evolved to 
cater for the needs of the commumty, what we have called the 
relational fectors, have changed penodically m history, sometimes 
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drastically, and within this past century or two taken on a distinctly 
interesting form To appreaate its peculiar nature, and mdeed its 
temporary character, we should constandy bear in nund the corres- 
pondmg system durmg an earher penod, say that mdicated durmg 
feudal tunes This will set up for us and sharpen the necessary con- 
trast between the two situations It will succeed m this way m plac- 
mg the modem stage m its histone^ perspective 

It is well recognized that an enormous part of the legal systems of 
most Western countnes is bound up with the rights of property, and 
the penalties for indingement of these nghts One of the nghts 
possessed by property holders, particularly those who hold property 
m land, ketones and machmery, as distmct firom personal property 
which every one possesses m some degree, is to engage m the busi- 
ness of supplymg the commumty with its needs They also have the 
means to undertake this task For this purpose they are allowed to 
call m executive officers, workers of all kmds, who, for salanes and 
wages, stnve to extract the natural resources of then own countnes 
and such other available parts of the world as they find profitable, 
and convert them, by manufficture, mto saleable commodities In 
these ventures mto the distant comers of the earth m the search 
niamly fi^r appropnate raw matenals, the States, of which these 
people are atizcns, affiord them the necessary protection by pohcc, 
army, navy and an force to carry through then enterprises 

Two consequences follow fixim this In the first place the States 
concerned are contmuaUy becommg embroiled m diplomatic 
exchanges, imhtary matters and trade nghts widi the mhabitants of 
these distant countnes and with other States also afibrdmg protection 
to those of their anzens who are pursumg the same ends From this 
arises a great deal of the foreign pohey of mdividual States, although 
politiaans may not themselves be consaous of the mamspnng of 
then pohey 

The odicr consequence follows firom the way m which the pro- 
ceeds of these ventures are distnbutcd Let us remember that m 
Western Europe all mdustry is earned through by large or small 
groups of pnvate entrepreneurs (or the purpose of making a profit 
Tlicy ma) argue that madcntall) they also succeed m carrying on 
die w orld s ork, m catenng for the needs of men and m seeing that 
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diey are adequately distnbuted. That, howevCT, remains to be 
exammed What we do know is that broadly speaking ventures are 
not undertaken unless diey are hkely to show a profitable return 

What IS meant by a profit? The answer to this can be seen if we 
will examine what happens to the fiow of commodities that are 
actually produced. Talmg workers and executive officers as a class, 
they account for a certam proportion. The wages and salanes they 
receive enable them m the mass to repurchase a proportion of what 
diey have produced m the mass. If their wages and salanes enabled 
diem to repurchase all of what has been produced, there would be 
no profit It is the surplus whose existence is an essential feature of 
this form of production that we usually call the profit 

There is one qualification on this to which we must reffir if only 
to remove a possible obscunty. Many of the things which are pro- 
duced are not m hct consumption goods m the ordinary sense but 
capital goods, machmery and the like, which go back mto mdustnal 
production for enhancing and improvmg output The efi&ct of this 
IS to multiply the output of commodities and hence at the noct stage 
to maease the volume of goods that corresponds to the profit 

Let It be clearly understood once more that we are not concerned 
with any moral judgment We are not, at the moment, asserting the 
rightness or wrongness of this profit All that is important for us in 
our understandmg of the proces at work, is to recogniae the exis- 
tence of this surplus and to answer the question— what happens to 
It? It is obvious fiom what we have said that it cannot be purchased 
by the workers and the executive officers. It cannot be consumed 
widun the country of its ongm For that to happen die wages and 
salanes would be required to be raised to such a pomt^ that there was 
no profit It cannot be used fiir raismg the standard of life of the 
inhabitants of the country of its origm. There cannot he an internal 
market for it. 

It is here that we may show a distmction between a Capitahst and 
a Soaahst State. ACapitahst State uses this surplus jfor profitablesale 
in an external market. It cannot control this market It rises and fells 
in a mysterious way. It has booms and slumps, and the mgenuity of 
the capitalist at home has to be directed towards antiapatuig these 
fickle happemngs — ^the acadents and irregulanties of mtemational 
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trade and commerce He is, moreover, at die mercy of other Hctors 
diat may mvolve him m difficulties Bntam is not die only industnal 
capitalist country of the West or of the world There is also France, 
the Umted States of Amenca and there is Germany. All of these are 
m the same position Each has its profit surplus which it must sell 
on the external market and each competes with the other m these 
sales If for any reason, histone or otherwise, one or other has a 
monopoly or a pnvdegedpositionmsudia market, mtngues, strug- 
gles and finally State mterference may hegm to make themselves 
apparent 

A soaahst country has no such proUem. Its market is dear and 
defimte Itismteznal It plans m advance what is to be die standard 
of life of Its population withm the next ffiw years and this setdes 
the magmtude and the detailed form of its market It has no profit 
surplus It does not require an external market It need not come mto 
conflict widi other commeraal nvals or odier States for die sale of 
Its goods outside. 

All this IS, of course, over simplified There is no country m the 
world, soaahst or capitahst, which possesses all the raw materials 
requued for its development and for the production of the goods 
Its population needs. A certam exchange of commodities and raw 
materials is therefore essential, but die nature of this exchange is 
fundamentally diflferent &om the nature of the profit surplus to 
which we have referred 

For fully a century or more this process of profit accumulation 
has proceeded apace, leading first to the development of colomcs, 
to the exploitation of their raw material and the use of the rather 
meffiaent labour power of their inhabitants, and latterly to the 
further investment of the resulting profit surplus mto mdustrial 
undertakmgs m such places as the Argentine and South America 
and other parts of die world not dirccdy under the control of the 
State withm whidi dwell the body of mvestors This stage of die 
development is usually referred to as diat of finance capitalism. 

For fully a century this process has proceeded with cvcr-incrcasmg 
acceleration 

Not all of diesc ventures can be regarded as profitable, however, 
and certainly far from all as soaally valuable Bankruptaes and loss 
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of capital have occurred regularly alongside the expansion of capipd 
rights, and particularly durmg last twenty years tliere have'be^ 
periodic ^idemics of hankruptaes and collapses of one kind ahH 
another. A period of mstability has set m, that suggests the end 
die epoch of capital ecpansion. ' 

Ihis is roughly the system of reladons diat has now been brought 
mto bemg in most countries, for the historic purpose of applying 
the natural resources of the world to the benefit of mankind. Viewed 

w 

dispassionately it is a peculiar and an mterestm^ scheme. As it 
develops it succeeds in arousmg new needs and desires m ‘the popu- 
lations of the world. In perspective we can see that it will survive 
so long as It IS able, broadly speaking, to satisfy die needs it arouses 

The ruthlessness of the process firom one point of view cannot be 
calledmtb quesdon. Vaststretches ofcountryside have been denuded 
of greenery that the valuable mmerals, coal, iron, oil, copper, tin,* 
diamonds and gold, may be wrested firom the bowels of the eartL 
Populations have flocked from agncultural areas mto the manu- 
^cturing and mmmg centres to play their part as executive ofBceis 
m die process. They have setded down, reared Emilies, and estab- 
lished new forms of social life as if this latest human venture vras 
something static and permanent. Congested areas and slum towns 
have sprung up, inhabited by bla^ and sophisdcated town dwellers, 
the grandchildren of sunple peasants. During the past century the 
new mdustnahsm has brou^t mto bemg empires, navies, trade 
unionism, the co-operative movonent, the pohtical labour move- 
ment and all the paraphernalia of democracy and its safeguards 
Man*s histone struggle vnth nature for the creation of fieedom has 
thus taken on a new complexion m the eflbrts to master the problems 
of the new situation. Men have thought the thoughts of their 
period, striven to satisfy the new needs and desires evoked, and 
have mtpressed their aspirations in terms of them. In institutions and 
in movements, pohtic^ educational and ethical, they have repre- 
sented them in social forms. 

At the beckon call of mdustry, saence and technology have been 
raised to a new activity, and thdr discoveries have been turned to 
the fesbonmg of marvellous contrivances to relieve boredom, to 
mcrease production, to provide the material for new artistic forms 
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and dimmate unnecessary labour In two generations the fecc of the 
world and die minds of men have changed profoundly Tune and 
space have been bndged and man has acquired a grasp of the matenal 
aspects of the umverse to an extent previously nndrramt of 
In the slowKhanging East, new colomes, dependenaes, and 
empires have arisen rapidly, the pnvate property of the mvestors 
of the feverishly developing West In die wake of dus process die 
last century has seen more wars, pumtive expeditions, and raids, and 
on a greater scale than m any corresponding stretch of tune m 
previous history Thus the war of 1914-18 can be recognized as 
one stage, if not the dunax, of a process that has been germmatmg 
in die womb of the mdustnal system for this past hundred years, 
while we poor creatures, victuns of a situation which none of us 
seem yet able to control, pretend to explam an historical phase m 
tenns of an accidental shot at Sar^evo or of “nghts and wrongs” of 
this or that petty detail therefore, we arc to take account of the 
successes of the great mdustnal revolution of the past hundred years, 
side by side with them must be placed the costs m die form of 
human aqiloitanon and mtncate pohocal comphcations, that follow 
from the extension of the Western conception of property nghts, 
and the partial extension of the Western leg^system, to diecountnes 
of the East 

But there is an aspect of all this to be exaiiuned m greater detail if 
we arc to acqmre a basis on which to rest our pohncal pnnaplcs 
There is the problem of consumption or distnbuUon of the proceeds 
of all this fovensh activity Now it is worth while bcanng m mind 
diat if man’s purpose is mdeed consaously to reap the fruits of die 
earth for his Wefit, the detailed distnbunon of dicsc fruits would 
not necessarily depend on the organizational methods used m pro- 
duction The relational fectors we have mtroduced, however, make 
dus impossible as it stands 

The groups who share direcdy m these proceeds consist first, of 
diosc who hold the legal nghts to the ongmal property (usually in 
the form of shares}, and secondly, of diosc who have been engaged 
as cxccuuvcs m some capaaty By die use of tokens, notes, cheques 
and coins, a most uitcrcsting and valuable invention by man, it 
becomes possible to transfer claims to goods, from one person to 
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another, i.e., to exchange and snh-dmde clai!ms'.',In,,dns way<w 
individual may distribute his claims to producdon a'van^ bi 
commodities. 

Members of the commumty not needed to carry on the process 
of production become, on dus scheme, unnecessary..'lhey have n6 
legal claims to the proceeds and therefore no l^al clainis to thb 
tokens. As far as the relational side is concerned, these individuals 
are simply frozen out of the aide of production and consumption. 
They are dbowed out of the commumty. But a commumty' cannot 
survive by sdf-destniction. To meet this contingency, accordmgly, 
State schemes of mdustnal insurance, and unemployment pay of; 
sorts are introduced. This has come mto being in the efibrt to take , 
up some of the enormous slack left by our peculiar methods of 
catermg for communal needs In our day die scale of mtematioi^ 
unemployment is one measure of the mabihty of the system to 
carry through the tadt history demands of it. Unemployment is 
loos&jomtedness The history of devdoping unemployment is the 
history of an intensifymg loose^omtedness. If the jomts loosen ^o 
far the body must fril to pieces. From the chaos of this disorganiza- 
tion emerges most of the problems of mtemal pohtics. ' 

To appraise all this at its proper levd vre have to recollect that 
historically this form of social organization is a comparativdy nevr 
feature of communal life. True we have hved at a colossal pace, 
compared with our predecessors on this planet, but because of that 
pace the system has passed the more rapidly through its successive 
stages. Bom and bred in it, hke all creatures of thor penod-we tend 
to regard it as something rooted for all tune mnature. It has been m 

growth for certainly less than twohundiedyeais, while the evenmore, 

modem form m wbch finance, dircctmg the course of events by 
controUmg exchange tokens, has succeed^ m playing a dominant 
role for much less than durty yean. That it will pass, as the feudal 
system and the mercantile peimd passed in their day, is obvious, to 
any student of history. Sudi systons b^in to collapse when the 
needs and desires of the commumty, evoked them^ves by thr 
inaeasmg control over nature that is continually being wrought 
can no longer be satisfied by any rimple reai^ustment in the;ida> 
denial fretors then in existence. let us realize in any. case diai 
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relational Actors are wrapped up in the nghts of property, and 
property nghts show themselves m material dungs, m power over 
others, m mcome and m standard of life. History shows that diere 
are no eictremes fi:om which people wdl shrink in order to preserve 
such things In fighting to retain dieir xnatenal comforts, what have 
become their primary needs, they conceive themselves as fightmg 
for all that life holds dear. 

It IS against this background that we have to see the present 
struggle m Europe and its possible extension mto Asia. It is a facile 
explanation to refer it all to the evil gemus of one man, and to 
the brutahty of the party he has at his beck and call It is more 
saennfic to recognize that they are largely the consequences of 
die apphcation to Germany of the same mdustnal forces that 
created the Bntish and French Empires, and diat made the North 
Amencan contment what it is The early development of the British 
and French Empires before Germany had got mto her stnde neces- 
sarily created a situation that has tended to frustrate the correspond- 
ing growth of a German Empire The degradation that came to 
Germany with the Nazi regune can then be seen as an almost 
mevitable consequence of an economically impossible position On 
the other hand, the pohey of Russia follows from the ^ that she 
recognizes dus need of a capitalist country for external expansion, 
and fears ather that Germany will herself seek to obtam a colomal 
empire &om her, or that Bntam and France xvill unconsciously be 
dnven to attadc her m order to obtam these necessary colomes for 
Germany, and madentally carve up the rest of Russia as “spheres of 
influence.” It would naturally be excecdmgly difiicult for Russia to 
bcheve diat the Bntish and French Governments would follow a 
pohey that would consaously lead to die creaaon of a soaahst Ger- 
many as the soludon to the mcessant struggles among die competing 
powers Nevertheless, only by the passage of Germany to a socialist 
economy can there be any final peatx m Europe, for m such arcum- 
stances it ^^lll naturally aeate its market mtcmally, and so be 
switched out of Its external competition with mdustnal nvals 

This then is the background against which wc have to sec die 
actions and pohcics of statesmen, the struggle of trade unions and 
employers’ federations, the coKipcrative movement as an attempt 
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to use the legal nghts of pnvate property ui prdjef if 'possibk'.to 
ensure diat property rights shall not be translated into charge oh, 
production, the struggle for pohtical freedom from the da^ qfthe’ 
chartists to the penod of the emanapation of women, the tight' 
wing pohtical movement as die forces that would rather put abrake 
on change than plunge mto something they fear, the left wiiig' 
pohtiaans as those who would escape from the terrors of the present 
by lu^pmg soaety to create the neict stage before catastrophe b6fdls. ' 
Over and above all this we have to see our cultural movements; oiif ; 
educational system, our writers, satirists, poets, and artists-^' 
our pohriaans— playing their part in this, scene, coloured, mosdy' 
unconsaously, by the atmosphere m which they temporanly^findi 
themselves. , > 

A saentific pohnaan is one who recognizes the process through 
which society is passmg, understands the human and material forces 
that drive it on foom one level to the next, and therefore assesses at* 
their proper valuation the proposals of governments. 

Like all true thinkers, artists, and m^ of action, he will be ahve- 
to the detail, but appreoate its significance against the shifting back- 
ground of history. He will see both the events and their flow, and 
he will therefore appreciate the part he and those like him have to 
play m die consaous creation of a history fit for avihzed man. 



INDEX 


BOOK I 

THE MYSTERIOUS UNIVERSE 


ABERRATION of kght, 54 
Ab«dute rest, 59-60, 72 
Aeodents in Nature, 2-4, 6 
AcboD at a distance, 53, 94 
Ages of Stan, 39, 42, 45 
Amuhilatioa of matter, 45- 
48.50,79, 101 
Atoms, Nature of, 31-36, 
78-79 

BERKELEV, ?li3osoplq of, 
95-87 

Bolir.N, 82-83 
Brace, D B,59 
Bragg, Sir , 26 

CAMERON, G H,49 
Carbon atom, 5-6 
Causation, 10-14, 18, 30, 85 
Cave, Plato’s simde of the, 85, 
86,92 

Compton, A H,26, 43 
Consaousness, 79-80, 83, 100 
Conservation laws, 30-35, 46, 
50 

— of energ>, 30, 32-33 50 

— of mass, 30-33, 46, 50 

— of matter, 30-31 33, 50 
Contmuuia, Defined, 68, 73 

— Nature of, 68, 74, 83 
Corpuscular thcorv of bght, 

21-24, 27 

Cmmic radiatian, 15, 47-52 
Curvature of space, 39, 74-75 

D WISSON, C J , 28 
de Brocbe, Lotus, 27 
Drmocntus, 31 
Dempster, A J 24 
Descartes, 54, 87, 95 
de Sitter \\ ,vl,v3 
Deie-nuiinm JO, 13, 17-20 
Dirraction of electrons, 28- 
29 81-82 

— oriisht,23,28 71 
Dirac P V. M , 19 82 84, 

101 

Dopp’er s prnciple 43 

EARTH Beginni^eoflifeo", 
2 

— Oticm of, 1-2 
— Relatiie 'ire of 1 BZ 
i t dia-'ton S • \ S C9 75 


Emstem, A, 35-36, 40-^1, 
59-60, 65, 74-75 
Electrons, DiE^bon of, 20- 
29,81-82 

— Nature of, 20-29, 34, 51 

— Wave sj^ems of, 20-28, 
52,80-84,99 

Enusnon of radiation, 16, 45, 
78 

Energ>, Conservation of, 30, 
32-33, 50 

— Mass of, 35-36 

— Medbamcal, 32 

— Nature of, 32 

— Souree of stellar, ^ 
Entropy, lOl 

Edier, Defininon td*, 53, 70 

— P^tenee ol^ 61, 64, 69- 
70 

— Nature of, 54-55, 60, 63, 
65,70 

Exclusion pnnaple, 94 
Expanding timvene, 41—42, 
95-84 

FARADAY, M,5^ 36,5*, 
69 

Finiteness of space, 40-42, 93, 
100 

Fitzgerald, G F , 58 
Fitzgerald-Lorentz contrac- 
tion, 58, 63-04 
Force Fhvsical nature o’*, 3G, 
39 62, 74-75 
Free. AiU, 11-12,20 
Fresnel, A , 26 

GALILEO, 11 83 
Gas Properties of a, 11 
Geometnral interpretation of 
a force, 74-75 
Gamer, L. H , 28 
Gravitauen Interpretauon 
of, 11-12 64,74-75 

— Law of, II, 74 

HEAT-DEATH. 8 
Heisenberg 17, 82, 84, 
100 

Hrlr-boltz H von, 11 
Hichlv rcnetratirgradia'ion, 
15 47-50 5t 
HobM*,E 42 

M 12 


Hmdey.T H,3 
Huvgbens, CL, 54 

IMAGINARY numben, 73, 
87 

Indetemunac} m Nature, 
13-15. 17.19,82 

— prma^e of Heisenberg, 
17,82 

Interference bands, 23 

JObXE, J P,32 

KANT, 1, 88-89 
Kdvin, Loid (Sir W Tbom- 
son), 11 

Kepla.J , 90-91 
Kifaicbi,S,28 

LAUE M,26 
Lavoina, A L , 32 
Lam of Nature, 30, 79, 98 
LebcdeM,P,36 
Lcibmiz, G IV , 81 
Lenaitrc, G , 41 
Life, Bcginmncs of, 2, 105 

— End of, 7-8 

— Indifleience of universe 
to, 2. 8, 104 

Light, Aberration of, 5i 

— Difiraction of, 23, 28 71 

— Nature of, 21-86, 99-100 

— Speed of, 51 
Ligbt-fpianta, 24 
Lmes of force, 36 

Lna of stars. Length o*', 38- 

39.45 

Locl-e,J,87 
Lodge Sir 0,69 
Lo^tz, H A , 57-58 
Lucretius, 31 

Luirmifems eiba, 54, 69 

MAGNETISM, 6 
Man Conservation o' 30, 
31-33, 46, 50 

— Newton’s coroeption o' 
31 

— ofenerci (energv ma'i) 

33.45 

-Rest- 35,45 
S'ai* "-nat eal i-ferp-eta* on 
rf Natu-e, 84, 87 81, 
'3-99, 102-103 


569 



570 

Matter, Annihilation of, 4S> 
46, 48, 50, 79 

— Gooiemtian ot^ 31*43, 
35,50 

Maxwell, J Clerk, 11, 34, 
36,54,69 

McLennan, J C , 15 
Medumcid interpretation of 
Natnre, 11-12, 61, 86, 
103 

Meteontes, 38 
Meteon, 37-38 
Michebon, A A, 55 

— -Mbrl^ expemnent, 55- 
59 

Millikatt,R A, 48*49 
Mhnkowda, H , 65, 66-69, 73 
Molecuki, 5, 31-32 
Morley.E W,58 
Moaliairafii,A M,51 

NATURE, Lawi of, 30, 79 
98 

Ndmlc, Extra-galaebe, 42 
Newton, Sir Iiaac, 11, 21-24, 
26-27,31-33.55,59,60, 
62. 64. 71, 74 
Nichob, E F,96 

OGGAS^ William of, 64 

PERPETUAL motum macb* 
met, 100 

Photou, 24-25, 46-49 
Plmiek. M.. 13, 18 
Planeti, Birth ^ 1 
Plato, 80, 85, 90 , 102 
Plutarch, 90 

Pressure of radiation, 36-37 
Ftobability m knonriedge, 
13-14, 102 

~ mNatur^ 13-14, 19,82- 
83,93 

~ Waves 0 ^ 82 
Pitotons, 26-27, 29, 51 


ABSORPTION, 117 
Acceleraton, 225 
Aciaetant, 317 
Acquired characters, 273-276 
Acromegaly, 164 
Adaptation, 136-137, 171, 
255-262, 279-282, 288- 
292, 312-316 


INDEX 

QUANTUM theory, 13, 18 
Quotations 

Arnold, Matthew, 103 
Augustine, 102 
Betkdey, Bishop, 96 
Dirac, P. A M , 19 
Eddiiqrtan, Sir A S,69 
Fitxgenld, E , 84 
Galileo, 85 
Johnson, Samuel, 97 
Lodge, Sir 0,70 
Maxwdl,J CSerk, 35,54 
Idinkowila, H , 69 
Newton, Sir Isaac, 11, 22, 
23,55,59-60,63,74 
Oocun, William of, 64 
Plato, 80, IIK! 
Sduodinger, E , 81 
Wordsworth. W, 87 


RADIATION, Mam of; 36- 
37,46 

— Mechanical interpreta- 
tion of, 12-13,86 

— Pressure (^36-37 

— Quantum theory of, 13, 
21,24 

Radio-active dismtegration, 
13-16 

Radio-activity, 6, 12-17 
Rayleqth, ThiM Baron, 59 
Reflection and refraction of 
deetroDs, 28-29 

-ofli^ 21-22, 26-27 
Regener,E,4B 
nativity. Theory of, 39-41, 
59-62, 64-76 
Rest-mass, 35, 45 
Rupp, E , 28 

Rnth^i^, Lord, 14-15, 34 

SALISBURY, Lord, 53 
SchiOdinger, E , 27, 81 
Shapley, H , 36 


Shooting stars, 3^, 
Soap-bubUe analogy, 40-41 
76-80 

Soddy,F,14 

Space, Nature of, 39-40, 7f 
93-94, 100 
Spectrum of light, 24 
Spontaneous dismtegiabai 
14-15,46 

Stars, Len^ of hvei of, 38 
39,45 

— Number and Size 1 
Sun, parent of earth, 1 ' 

— Sotttoe of energy of, 3( 

« 

TENBRUGGENGATB,?, 

44 

Thermodynamics, 8, 100-101 
Thoiiison,G F, 28,81 , 
-SirJ.J.34 
Tune, Nature oi; 20-21, 65 
79-80, 100-102 
Trouton, F. T , 59 

UNCERTAINTY ptucipli 
of Heisenberg, 17,82-3! 
Undulatory theo^ of light 
23-24, 26-27 i 
Uniibnmty of nature, 10, 91 
Urnvene, Size of, 1, 65, 16 

VITAL force, 5 

WATERSTON, J J, 11 
Wava of b^t, 24, 51 
Wave-mechanics, 27-28, 81- 
82,84,99 
Weye,H,75.79 

XRADIATION, 15, 26, 54 

YOUNG, IfaomM, 26, 54 

ZWICKY.F, 43-44 


BOOK II 

ANIMAL BIOLOGY 


Adaptive radiation, 300-311 
Adrenal glands, 239-240 
Adienalm, 236, 239 
Adult period, 149 
Afferent nerves, 133 
Aggrqiatian, 295-297 
Albatross, 367 
Mlantois, 366 


1 


AUdomorphs, 159 
Alveolar air, 230 
Amblypod;S02 
AminMods, 195, 197, 235 

Ammonia, 197-198, 233, 236 

Ammeter, 311, 352 


AmnicnLa 866 

Ama£ 290, 292-293 



INDEX 


571 


Amphibia, 168, 295, 297, 
347, 355-357, 364 
Amphimcus, 146, 359-361 
Aiixithetici, 243 
Animal moipholog). 111 

— physidogy. 111 
Animab and planti, 1 1 1-1 14 
Ankle bone^ 128 

Annebd, 337-338 
Ant, 289, 342-344 
Ant-eater, 302 
Antennc, 338 
Antibody, 260 
Antnqitics, 243 
Anbtoacm, 124, 241 
Aorta, 119, 122, 185, 225 
Ape, 170,374-377 
Arc^pteryx, 367, 368 
Amtoe^, 373 
Armadillo, 243 
Artenes, 119, 122-123, 184- 
185 

Arthropods, 312, 337, 338- 
340, 345, 347-349 
Arti6cial fertiliaation, 153 
Asadian, 358 
Astigmatism, 214 
Atrapme, 243 
Auditory nerve, 209-210 
Aundes, 122-123, 184 
Australia, 371 
Atttotomy, 248 
Axolod, 247 

BACKBONE, 128 
Bactena, 113, 124, 196-197, 
236, 241-242, 318 
Balanang, 209-212 
Bamade, 304 
Bat. 169, 171, 300, 302 
Bean seeds, 283-2U 
Beaver, 302 
Bee, 341, 347 
Beede, 286, 345, 347, 349 
BemaH, Claude, 196 
Bile, 194-195 

— duct, 117, 195 
Biologieal p r ogre ss , 295 
Biometry, 165 

Birds, 168-169, 171,288-289, 
356-357, 366-369 
Birgus, 349 
Bivalve, 350 
Bladder, 122 
Blastula stage, t45-l-i6 
“Blind spot,” 214 
Blood 

Circidaiion, 183-187 
Composition, 137-138, 
187-190, 229-233 
Importanee, 198 
Premise, 225 
Purpose, 123-125 
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Bone, 128-129, 235, 374 
Bone cells, 141 
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Eustaduan tube, 209 
Evolution 

Methods, 270-287, 296 
Penods, 293 
Processes, 288-311 
Results, 312-379 
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295, 324-327 
Hydranths, 826 
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“Immune bodies,” 242 
Individuabom, 295 
Indol,236 

infeebous diseases, 241-242 
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Juvenile penod, 149 

KANGAROO, 129, 262, 
371-372 

Kidney disease, 242 
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Malana, 242, 316 
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Malpighian tubules, 349 
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Man, 115, 136, 138, 171, 
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Mole, 300, 372 
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Nudeus of cdl, 137 
Nutntion, 116-114, 116-117, 
120, 175-180 

OBELI4 252-253 
Octopus, 349-352 
Ohophagus, 191 
Old age, I•l9 
Olfactoo lobes, 131 
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Pareiosaunan.'SOl 
Peacock, 281 
Pcdiedlane, 354 
Pepsm, 191, 193 
Peptones, 193, 195 
PcnwinUe, 350 
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Ptyalm, 190, 195 
Pulmonary artery, 184 
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164 

Rectum, 117 
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Segregation, Law of, 157, 

159-161 

Serrulunar valves, 164 
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348 
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Shark, 330, 361-362 
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Shrew, 375 
Shrimp, 211, 339 
Sight, 212-215 
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Skate, 362 
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Slunk, 301 
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Smefl, 130, 207-208, 348 
Snail, 195, 350 
Snake, 168, 229, 288, 301, 
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Sodium chloride, 198, 234 
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Sole, 362 

Soma, 276-277 
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Sparrow, 286, 310 
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Spider, 181, 281, 340, 345, 
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Sponges, 321-323 
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Starfish, 153, 352-354 
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Sunburn, 275 
Swan, 350 
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Trout, 362 
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YVbelk, 350 
White matter, 204 
Windpipe, 181 
W'dr. 372 
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Exato-moior caties, 401 
Expectauen, Explanation oG 
416 4I9-i20 

— Foresight and, 413 

FACTS, Lack oT, m psicho- 

loO>307 

Faeulnes oT mind, 428-429 
Faoilo The, 

428-429 

Cntiosm ef, 437-439 

Fear, 393-399, 407 

— Eiroboa allied to 422 

— Insiinci anoctjied Mith, 
454 


“Final Common Path,” 393 
Food, Need Tor, 432 
Foresight and expectauon, 
413 

Freewil], Quesuon of, 436- 
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